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Charcoal—recreational demand has boomed the market, but kiln profit margins remain small. 399 
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Unless yours modern, up-to-the-minute planer, current BUSS Cabinet 
Surface Planer your shop would quickly demonstrate savings which would repay its 
cost many times over relatively short period time. the first place would give 
you planing finest quality three four times the speed older planers and 
that means vastly increased production plus the savings clean-up operations that quality 
planing effects. Secondly, you would find that set-up and change-over time 
cut 70% our exclusive semi-automatic controls which make absolutely accurate 
adjustments matter seconds instead long and tedious operations varying 
accuracy. Third, would find that knife grinding and jointing reduced 

fraction the time required the older planers. And yet, these are only some the 

features that make much cheaper own modern BUSS Planers than 

them. Why not investigate? Write for bulletins, now! 


THERE’S BUSS PLANER EXACTLY SUIT YOUR 
MODELS 


. 44 Single Surface, 4 Ne. 66 Single Sur- Ne. 88 poubdte sur- Ne. $8 Heavy duty CRO-SuURFS 
roll planer for first cutting face, roll planer for face, roti planer for Double Surfacer for for planing and 
ing 
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particle board press equipment 


RECENT INSTALLATIONS 


WASHINGTON PRESSES AND The Washington 8-opening hot press with Washington 
ACCESSORY EQUIPMENT loader and unloader equipment shown above one 
several furnished through Miller-Hofft Inc., designers and 
AMERICAN PARBOARD CORP. 
Black Mountain, North Carolina suppliers complete particle board plants. 
ilmington, North Carolina 
each instance, complex requirements board size, 
GEORGIA-PACIFIC forming speed and minimum cycle were designed into 
oos Bay, Oregon 3 
GRAY PRODUCTS Washington machinery package match over-all plant 
layout well strict production specifications. 
MASONITE CORP. OF AUSTRALIA LTD. 2 4 
These are only few the reasons for the 
akridge, regon . 
TIMBER ENGINEERING COMPANY INC. manufactured Washington Iron Works. Write for details 


Washington, D. C. 


WASHINGTON IRON WORKS, 1500 Sixth Ave. South, Seattle Washingtor 


would like further infor- Name 
IRON Washington hot presses and 
Address 
accessory equipment for hard- 


board, particle board and flake 
board production. State 


Saves Man-Hours Shift! 


Furniture Plant for mass produc- wieldy and clamps. Production faster because the 
ing bedroom furniture Florence, C., now fully modern- Dependable Machine Company's New Kwik-Klamp Process 
ized. Costs are lower because WOOD-LOK, faster Press handles three stacks once, utilizing full press height. 
setting, stronger bonding glue, has completely eliminated un- The resuit? Savings man-hours shift. 

MULTISECTION PRESSING FASTEST BONDING SIMPLIFIED GLUING 


Increased production efficiency pays for needs only 15-30 minute unmatched cold run 
new press thana press. Reaches machining strength glue that requiries mixing heat- 
distribution reduces rejects. Lowest priced less instead six hours longer. Lasts all day the pot. Cleans 
sectional press available. Sold exclusively Eliminates curing rooms well the with water. Nonirritating skin. 
National. clamping. Virtually odorless. 
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DIVISION INTERESTED? Ask have one Field Engineers tell 
you more about the time-saving features and the 
NEW KWIK-KLAMP PROCESS PRESS. 


STRUCTURAL PRODUCTS DIVISION, NATIONAL STARCH PRODUCTS INC. 
270 Madison Ave., New York 3641 So. Washtenaw Ave., Chicago 
STARCH PRODUCTS INC. 735 Battery St., San Francisco 1511-23 So. Main St., High Point, 
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Heavily-insulated, 
vapor-proof aluminum 
panel construction 
easy erect best 
possible construction 
lowest cost over 
100 use throughout 
the country. 


kiln trucks rail 
needed all sizes 
available particularly 
adaptable for concen- 
tration yards, wholesale 
lumber yards, 

and certain manufac- 
turing plants. 


ing existing natural 
draft kilns, end piled 
kilns under auto- 
matic controls for 
increased drying 
quality, boosted 


Write for illustrated Standard and further 
information regarding your drying requirements. 
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Box 5708 Indianapolis 21, Indiana 


Branch Office: Redman Engineering Service 
High Point, 


Sensible and 


Rone We 


Appreciated Gift 
for Your Customers 


INCLUDING THE VALUED 
FOREST PRODUCTS JOURNAL 


IVE THE GIFT that keeps giving, all 
through the year, and reminds ‘your 
clientele that you can assist them with their 


technical problems and progress. 

Just send the name and address 
the person persons for whom member- 
ship the rest. Appro- 
priate announcement will made that you 
are the donor. Service will commence Jan- 
vary, 1958. will invoice you separately 


for $15 total cost. 


Benefits your customer include: 


Forest Products Journal each month. 


Attendance FPRS meetings, locally, 
throughout America. 


Personal service technical questions 
through Executive Office. 


Pride Affiliating with active Society. 


FOREST PRODUCTS RESEARCH SOCIETY 
Box 2010, University Station 


Madison Wisconsin 


NOVEMBER, 


HAS THEM ALL! 
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OFFER 


PRODUCTION CLAMPS FOR EVERY NEED 


Illustrated above are but few the many items contained Black Brothers 
Catalog No. 11. This new, complete catalog gives you illustrations, descriptions, 
specifications and numerous installation views the Black line Laminating 
and Gluing Equipment. Over years engineering progress behind Black 
Brothers internationally recognized superiority gluing and laminating equip- 
ment. Write for your FREE catalog now. 


Write for 
free catalog now 
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THE MOST MODERN AND COMPLETE LINE GLUE SPREADERS 
GLUE MIXERS AND HEATERS FOR EVERY REQUIREMENT 
COLD PRESSES FOR MODERATE PRESSURE LAMINATING OPERATIONS 
N 
4 
BLACK BROTHERS CO., INC., MENDOTA, ILLINOIS 


Yates-American presents unique, chain-feed, double rip saw, 
the A“TWINRIP” can double the production 
any single rip, two-man-operated saw. Feed Rates: 
600 triple capacity single saw. Saw Speeds: 
7200 rpm., twice the speed single rip. Handles stock 
23” wide through both saws simultaneously. Blades 
operate tandem feed from both directions, 
round style. Thinner carbide blades save kerf 
each rip. “TWINRIP” space requirement: only 10x10. 


Write for technical catalog. 


YATES-AMERICAN BELOIT, WISCONSIN 


Branch offices: Chicago Atlanta Portland, Oregon 
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WOOD TECHNOLOGY BOOKLETS 
ANNUAL PROCEEDINGS—1947 THRU 1951 


APPLICATION FOR MEMBERSHIP 
1958 FOREST PRODUCTS RESEARCH SOCIETY 


ADDRESS THE EXECUTIVE SECRETARY 
POST OFFICE BOX UNIVERSITY STATION MADISON WISCONSIN 


1958 


Any ONE the 


hereby make application for 
Supporting Membership ($100) the Forest Products Research Society, 


including regular publications the Society. 
CHECK ONE (Qualifications 
Associate Membership ($15) defined reverse this sheet) 


Note: $15 $100 member- 

PRODUCTS JOURNAL. 


Extra Membership! 


YOU JOIN FPRS for 

calendar year 1958 new 
member, you will receive extra 
bonus addition the regular 
Society benefits. 

You may take your choice 
any one the eight books shown 
above and described the re- 
verse side and addition get the 
FOREST PRODUCTS JOUR- 
NAL and other membership bene- 
fits for November and December, 


Voting Membership ($15) 


Please provide the following information. The Executive Board cannot act 
incomplete applications. 


Your NAME 


OMPANY NAME 


ADDRESS 


1957! (STATE PROVINCE) 
FPRS membership for $15 
yearly will give you— 
PRODUCTS JOURNAL. 
Attendance FPRS meet- Please enclose check money order for dues made out 
ings from coast coast. PRODUCTS RESEARCH SOCIETY 
Personalized service your Please Check Which Issue You Want FREE for Joining Now: 
technical questions through FPRS Vol. 1947 Proceedings Wood Technology Series 
executive office. Vol. 1948 Proceedings No. Particle Board 
Contacts with wood experts. Vol. 1949 Proceedings No. Hardboard 
Employment service. Vol. 1950 Proceedings No. Wood Waste Utilization 
Pride affiliation. Vol. 1951 Proceedings 
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mills Improved Forest Utilization; 
Furniture Manufacture; Gluing; Furni- 
ture Finishing; Rotary Veneer Cutting; 


ANNUAL PROCEEDINGS 


neering; Forest Products Integration; 


Research and Development; Seasoning. 
Preservation; Seasoning; Logging; Paper 


and Plastic Overlays; Kiln Design; Pack- 


aging; Furniture Design. 


Logs, Sawmills and Lumbering; Con- 
tainers; Pulpwood and Pulp; Quality 
Control; Particle Board; Softwood Ply- 
Wood Waste Chemical Conversion; wood; Gluing Operations; Hardboard; 


Wood Mechanical Conversion; Wood Waste Utilization; and other gen- 
Debarkers; Coordination Research; eral subjects (impregnation, 


Finishing; Woodworking tives, plywood, fibers.) 
Equipment; Dielectric Heating; Surfac- 
ing; and other general subjects (Plywood 
tests, Preservatives.) 


Vol. II—1948 


Vol. V—1951 


Logging and Primary Processing; 
Wood Utilization; Machinery; Produc- 
tion Methods; Preservatives; Wood In- 
dustry Training Methods; Utilization and 


Vol. 
Raw Materials Sources; Role Saw- 


FOREST PRODUCTS RESEARCH SOCIETY 


EXTRACTS FROM ARTICLES ASSOCIATION 
OBJECTS and PURPOSES The objects and purposes this Society shall 


facilitate the interchange information among individuals and organizations 
who are interested forest products research, development, utilization 
abstracting papers, reports, and other publications, 
publishing and distributing pertinent information, 
encouraging cooperation among interested persons, 
promoting standard test methods and procedures, 


sponsoring meetings for the presentation and discussion reports investi- 
gations and experiences its members and others, for the interchange ideas, 
and for the broadening acquaintanceships among individuals interested forest 
products research, development, utilization; and 


general, encourage and promote the efficient utilization wood and other 
forest products. 


EXTRACTS FROM LAWS 


MEMBERSHIP The Society shall consist Voting Members, Associate Members, and 
Supporting Members. 


Voting Member shall any individual who actively engaged planning, super- 
vising, working any phase forest products research, development, utiliza*ion. Vot- 
ing members shall have all rights and privileges the Society. 


Associate Member shall any individual who interested forest products research, 
development, utilization although not actively engaged such activities. Associate mem- 
bers shall have all rights and privileges Voting Members, except those holding office 
and voting. 


Supporting Member shall any organization individual who financially assists the 
Society paying larger dues. Supporting Members may designate representative who shall 
have all rights and privileges Voting Members. 


DUES The fiscal year shall begin Jan. and shall terminate Dec. each 
year. The annual dues shall follows: Voting Members, $15.00; Associate Members, 
$15.00; Supporting Members, $100.00. 
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Conversion; Mill Scrap; Wood Fuel; 
Testing and Evaluation; Glues and Glu. 
ing; Dry Kilns. 


WOOD TECHNOLOGY SERIES 


No. Particle Board 


Dry Process Multi-Ply Board; Resin 
Application Attrition-Mill Type 
ticle Board; Kreibaum Process for Ex. 
truded Core Board; Curvi-Board 
Significant Factors Establishing 
ticle Board Plant; Particle Board 
Giant the Making; Manufacture 
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ing Hardboard Plant; Relationship 
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Commercial Hardboards; Automa- 
tion the Board Industry; Testing and 
Evaluating Procedures. 


No. Wood Waste Utilization 


Economic Considerations for 
ful Utilization Sawmill Wood 
due; Sawmill Waste Utilization Equip- 
ment; Chip Requirements—Pulp Mills’ 
Standpoint; Chip Procurement 
ties; Research and Development for 
lem Solving; Economic Importance 
Wood Residue the South; 
from Redwood Lumber Industry; 
verting Steam Plant Hog Fuel 
ing; Use Small Cuttings 
turing Millwork; Fiber Products—A 
Wood Chipper; Increasing Lumber 
Yields with Patched Strip Core; New 
Potentials Fibers and Chemicals 
Wood Waste; Developments Mec 
cal Equipment for Sawmill Waste 
zation; Reducing Sawmill Waste 
Six Years; Chip Yield and 
Balance; Past, Present and Future 
Wood Utilization. 
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Hiller Organizes 1958 National Meeting 


The 1958 National Meeting Com- 
mittee met September 18, Madison, 
Wisconsin, plan for further organi- 
zation the annual meeting sched- 
uled June 1958, Madison. 


Guiding the development the 
1958 National Meeting Robert 
Hiller, General Chairman, whose duty 
coordinate the six major com- 
mittees. Eason, Program Chair- 
man, responsible for the Technical 
Sessions, and third person who will 
figure prominently Harrar, 
Division Coordinator. The Divisions 
have been increasing importance 
and attendance with each National 
Meeting. 


The Forest Products Labora- 
tory Tours are expected one 
the main attractions for National 
Meeting registrants this coming year. 
Killebrew, who heads this com- 
mittee, from the laboratory. 


Allegretti, Masonite Corp., 
charge Local Arrangements, with 
Finances and Registration being han- 
Charles Batten, both the Chicago 
Northwestern Railway System. The 
Food and Social Functions Commit- 
tee, which will add relaxation the 


The 1958 National Meeting Steering Com- 
mittee met with President Kaufert Sep- 
tember 18. Seated from left right are 
General Chairman, and Garlick. 
Standing are Walter Noble, 
and John Killebrew. 


meeting, being handled Walter 
Noble, Decar Plastic Corp., with 
Fitzpatrick, Fitzpatrick Lumber 
Co., assisting with the Paul Bunyan 
solicitation. 


Garlick, Protection Products Mfg. Co., 
Wood Products; Burrell, The Wood- 
Worker; and Fred Strenge, For- 
est Products Laboratory. Mrs. Ralph 
Simeone, assisted Mrs. Frank Rov- 
sek, and others announced, will 
plan the ladies’ and children’s pro- 
grams. 


« 


Fitzpatrick Lumber Co. Warehouse Building Materials 


During its September meeting the Executive Board met with the management the 
Fitzpatrick Lumber Co. concerning the storage donated building materials for the 
executive office building. addition storing the contributed materials the Fitzpatrick 
lumber Co. has taken major role obtaining framing lumber, special moldings and 


plywood. 


Left right: Fitzpatrick, president, Fitzpatrick Lumber Co.; Saunders, 
Northeast Regional Board Member; FPRS President. 


Second photo, left right: Ralph Simeone, vice-president, Fitzpatrick Lumber Co.; 
Emerson, vice-president and manager, Chippewa Lumber Industries, Inc., sub- 
sidiary firm Fitzpatrick Lumber; Robert Hiller, Regional Board 
Member, and Otto Heyer, Forest Products Lab., supervising architect the FPRS 


Executive Office Building program. 
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Officers, By-Laws Changed 
Meeting 


New officers were elected the 
Carolinas-Chesapeake Section Meeting, 
attended persons, Oct. 
Nov. Roanoke, Va. 


The new officers are: James Bethel, 
State College, chairman; Wil- 
liam Reid, University West Vir- 
ginia, vice-chairman; and Michael 
Taras, Southeastern Forest Experiment 
Station, secretary-treasurer. Trustees 
are: Joseph Shuman, Darlington Ve- 
neer Co.; and Roland Garrett, Timber 
Engineering Co. 

Two resolutions amend the by- 
laws were passed the membership, 
one have officers elected secret 
mail ballot the entire membership 
rather than attending the 
annual meeting, and the other making 
the past chairman ex-officio mem- 
ber the Executive Board for one 
year after his term office has ended. 


Papers Needed for 
National Meeting 


Authors are urged submit 
papers for the 1958 National Meet- 
ing. Authors should state the in- 
tended scope their paper and 
other aspects that they feel will 
make their paper valuable con- 
tribution for the National Meet- 
ing Program. 

Communications should di- 
rected Mr. Jeter Eason, 
Nickey Bros., Inc., 2700 Summer 
Ave., Memphis 12, Tenn., the 
National Office, Division 
Chairmen. 


Logging Division Bibliography 
Proceeding Full Speed 


Headway being made the 
Logging Division bibliography project, 
reports Fred Simmons, chairman 
the Division. The bibliography 
include all literature logging the 
English language since World War II. 
Classification and listing will ac- 
cording the Oxford System. The 
preliminary review edition expected 
ready the first the year. 
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More Than Attend Mid-South Section Meeting 


Members and guests renew acquaintances Social Hour President Kaufert addressed the Section the 
during registration Mid-South Meeting. business meeting. 


oa 


Reynolds, Southern Forest Experiment Station, lead the panel New Officers for 1958, Chairman Virgil Cothern and 
discussion. Left right, panel members are: Mikulka, Love Wood and Chairman Elect for 1959 Tom Orth, are congratulated 
Products; Lea, Olin—Mathieson; George Stanley, Kirby Lumber going Chairman Fisher. 

Corp.; Reynolds; Charles Latimer, Nickey Bros.; West, 
Texas Creosoting Co. 


Rowland, Banquet Speaker, keeps things rolling was Mid-South Meeting, but the Minnesotans 


NOVEMBER, 
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Mid-South Elects Officers, 
Votes $300 Building Fund 


More than members and guests 
attended the Mid-South Section Meet- 
ing, Oct. Crossett, Ark., re- 
ported Lear, past section secre- 
tary. Forest and the Products” 
was the theme the meeting, which 
featured tours the Crossett Co. 
plants. Visited were the sawmills, 
paper mills, chemical plant, 
search Also seen were the 
experimental forests the Crossett 
branch the Southern Forest Experi- 
mental Station. 

contribution $300 for the 
office building fund was voted the 
Section, and the 1958 annual meeting 
was scheduled held Baton 
Rouge, La. 

panel discussion Good 
Tree Should was moder- 
ated Reynolds, Southern For- 
est Experiment Station. Panel members 
included: Lea, Olin-Mathieson; 
George Stanley, Kirby Lumber Co.; 
West, Texas Creosoting Co.; 
Mikulka, Love Wood Products; 
and Charles Latimer, Nickey Brothers, 
Inc. 

Officers elected for 1958 are: 
Cothern, Southern Pine Assoc., chair- 
man; Tom Orth, Kirby Lumber Corp., 
vice-chairman; and Hopkins, 


State University, secretary- 


treasurer. Elected trustees are Craig 
Campbell, Louisiana; Ben Stevens, Jr., 
Mississippi; Arnie Kemp, Texas; and 
Pakula for Oklahoma. 

Program arrangements were handled 
Fisher, and Lear. 


Wood Industries Division ASME 
Discusses Modern Techniques 
Modern techniques for ancient 
industry was the topic the Wood 
Industries Division meeting the 
American Society Mechanical En- 
gineers Dec. New York. Five 
talks were featured the one-day ses- 
sion, which comprised the 
portion the ASME Annual Meet- 
ing the Hotel Statler, according 
Patronsky, meeting chairman. 
Simmons, Northeastern For- 
est Experiment Station, discussed 
and Automation 
Small Saw Saw- 
was the subject paper 
Ohio and Compton, State 
University College Forestry. The 
discussed Continuous Yield 
Our Peter Koch, Champlin 
Box Co., discussed Automatic 
Lumber Planing Mill”, and Edward 
Naumes, Acme Steel Co., talked 
Strapping Lumber-Veneer 
and Other Wood 


Woodworking Machinery 
Developments Cited Panel 
SFMA Meeting 


Possible new developments wood- 
working machinery were discussed 
panel the recent meeting the 
Southern Furniture Manufacturers’ 
Assoc., Blowing Rock, The panel 
was presented the Woodworking 
Machinery Manufacturers’ Assoc. 


Some the new developments 
were: the field clamps—pneu- 
matically and hydraulically powered 
machines making possible for the 
untrained worker put together bet- 
ter furniture faster; automatic shap- 
ers—to keep the cutterhead work 
with little down time possible; 
and planers-carbide application— 
research cutting angles, chipbreaker 
radii, cutterhead speeds, moisture con- 
tents, and cutterhead diameters 
make reliable data available machin- 
ery manufacturers and makers wood 
components. 

the field ripsaws, the possi- 
bility that straight-line rip saw may 
employ double chain and arbor 
(speeds 4500-7500 rpm), keeping 
the stock production all times 
was mentioned; and the field 
glue-spreaders, the development 
electronic film controls and probes 
maintain supply coating material 
the rolls all times the glue 
spreaders was discussed. 


Fred Atkinson, chairman, Great Lakes Sec- 
tion, presents $300 check for the building 
fund Hiller, north-central regional 
board member, past FPRS president James 
Hamilton looks on. 


$31,000 Reached Building Fund 


total $31,000 actual cash 
and pledges have been received the 
building fund drive Nov. ac- 
cording Berry, chairman, 
executive building fund committee. 
Anticipated gifts from several other 
companies are expected add another 
$5,000 the fund. 

One the major contributions re- 
ceived recent weeks came from 
Rilco Laminated Structures, Inc., St. 
Paul, Minn., and Unit Structures 
Corp., Peshtigo, Wis., who have 
jointly agreed furnish the five lami- 
nated arches and beams, which will 
constitute the principal architectural 
feature the building. estimated 
that this joint contribution exceeds 
$3,000 value. 


Five winners the lumber industries’ 1957 scholarships are observing burn- and solvent- 
resistant table surfaces during their training the Timber Engineering Co. laboratory. Left 
right are Fujii, University Washington, Seattle; Bengelsdorf, University 
Michigan, Ann Arbor; Oregon State College, Corvallis; Hunt, Colorado 
College, Fort Collins; and DeRidder, Michigan State University, East Lansing. The 
sixth winner, Sutton, Yale University, will receive his training after tour duty the 


armed forces. 
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Some the wood seasoning experts attending nationwide conference the 
Forest Products Laboratory are, left right, Fred Dickinson, director, California Forest Prod- 
ucts Laboratory, Berkeley; Dr. Preston, School Natural Resources, University 
Michigan, Ann Arbor; Dr. Winton Patnode, director research, Weyerhaeuser Timber Co., 
Tacoma, Wash.; Dr. James Bethel, School Forestry, North Carolina State College; Dr. 
Marshall, associate dean, University Wisconsin college engineering, Madison; 
Harvey Smith, California Forest Experiment Station, Berkeley; Knauss, Pacific North- 
west Forest Experiment Station, Portland, Ore.; Raymond Rietz, charge wood seasoning 
research, Forest Products Laboratory; and Dr, Hall, director the host laboratory. 


New Approaches Seasoning 
Discussed FPL Meeting 


New ways taking moisture out 
wood was the theme meeting 
the Forest Products Laboratory, 
Madison, Wis., Oct. 17-18, attended 
more than wood products scien- 
tists. Possible sources energy con- 
sidered were electricity, radio, nuclear 
fission, and solar radiation. 


The broad objective the meeting, 
was stimulate basic research needed 
get fresh approaches the problem 
wood seasoning. Recommendations 
for further research were focused 
these fields: 


The effects drying variables 
strength wood, both its elastic 
and its plastic properties. Labora- 
tory methods that permit measuring 
moisture gradients wood. Elec- 
trical properties wood. better 
method determining stresses and 
strains, including the rheological prop- 
erties wood, related its mois- 
ture content. Heat transfer wood, 
including the effects the so-called 
“boundary and air turbulence. 
Chemical methods controlling 
the seasoning wood. New meth- 
ods heating wood for drying pur- 
poses, including electricity, high-fre- 
quency radio waves, and controlled 
solar energy. The life processes 
trees, which might lead new ideas 
for removing sap from trees, possibly 
ways such nature employs 
move from roots leaves. 
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Three Receive Foundation Awards 
Minnesota School Forestry 


Chapman Foundation graduate 
fellowship and two fresh- 
man forestry scholarships have been 
recently the University 
Minnesota School Forestry, accord- 
ing Kaufert, director the 
school, 


Edgardo Mabesa, Manila, Philip- 
pine Is., recipient the fellowship, 
will conduct research the use 
pentachlorophenol wood preserva- 
tive. Mr. Mabesa holds BSF degree 
from the University the Philippines 
and 18-month leave ab- 
sence from the Philippine Forest Prod- 
ucts Research Institute continue his 
studies. 


Roy Bratlien, Hawley, Minn., and 
Robert Megraw, Rochester, Minn., 
received the freshman forestry awards 
$300 each, given for academic apti- 
tude, vocational promise, character, 
leadership, and financial need. The 
two types awards were granted 
the Chapman Foundation, Memphis, 
Tenn. Dale Chapman, 
Chapman Chemical Co., and Minne- 
sota School Forestry graduate es- 
tablished the awards. 


Student-Built Laboratory 
VPI Nears Completion 


student-built experimental labora- 
tory for the department architecture 
the Virginia Polytechnic Institute 
near completion. Five types light- 
weight trussed rafters design, 
built mainly two-inch lumber, and 


spaced two feet centers carry 
roof load psf were used. 

Types rafters were: 
trussed rafters; split-ring connectored 
trussed rafters; connectored 
trussed rafters; 
tored trussed rafters; and nailed trussed 
rafters VPI design. variety 
means anchorage was employed 
educational purposes. Building 
time testing the trussed rafters 
carried out. 


Golden Anniversary Celebrated 
Washington College Forestry 


The University Washington 
lege Forestry celebrated its 50th An- 
Friday and Saturday, Nov. 
and the autumn 1907 one 
full-time faculty member and two 
cial lecturers taught the first class 
eight freshmen and two graduate stu- 
dents. The college now has 
12, student body 250 
graduates and graduate students, 
and the intervening years has gradu- 
ated 1500 foresters. 


BUSINESS NOTES 


Housing 

Housing starts August were 95,- 
000 units, per cent below August 
1956. During the first eight months 
1955 there were 942,000 staris, 
during 1956 for the same period, 789,- 
000, and for this year, 700,000. 
sonally adjusted the latter comes 
970,000 units this year (private only). 
this 700,500 units, 477,100 have 
(with new apartment projects in- 
fluence) and 223,400 nonmetropo!- 


itan areas. 
{Housing Trends, Oct. 


Furniture 


August shipments furniture man- 
ufacturers were per cent below the 
total for August 1956. Although the 
month’s record, comparative 
was better than the average for the 
seven preceeding months 1957, 
was not enough materially 
the ratio from the cumulative total 
the end July when stood 
cent below last year. 

September shipments were equal 
with September last year which was 
barely sufficient push total 
ments for the year per cent 
under 1956. This improvement 
per cent over the month 
August. 

Statistical Report, Sept. 1957] 


Particle Board 


Teco predicts that particle board 
will hit quarter billion sq. ft. annual 
rate this year. 180 per cent boost 
over 1955. 


NOVEMBER, 


Paul Bunyan Hour before the Buffet Dinner, held the Warm Friend Tavern. 


Morning session Great Lakes Meeting. 
Left right, Brooks Applegate, Coleman 
Vaughan, Charles Latimer, and Fred 
Atkinson. 


Plywood Warpage Clinic 
Held Great Lakes Section 


Six papers were featured the Ply- 
wood Warpage Clinic the Great 
Lakes Section Meeting, Friday, Oct. 
11, Holland, Mich., which 
tended persons. Subjects covered 
were discussed terms whether 
not they affect warpage hardwood 

Veneer Logs” was the 
topic discussed Coleman 
Vaughan, Forest Products Lab., 
and Charles Latimer, Nickey Brothers, 
covered the topic “Manufacture 
Cross-Banding and Face 


Veneer and Fleischer, 
Forest Products Lab., noted that 
the British laboratory recommends that 
“in the end product, you don’t 
know what the end-use moisture con- 
tent will be, then you should manu- 
facture the wet rather than the 
dry side”. They believe, said, that 
panel which dries from per cent 
down per cent will result 
less warpage than panel picking 
moisture from per cent. 

James Bethel, State College, 
spoke “Wood Properties”, and 
out that physical properties 
wood are important determining the 


Speakers the afternoon session were, 
left right, George Meier, George 
Stanley, Jr., James Bethel, and 
Fleischer. 


likelihood warpage. knowledge 
the effect physical properties 
said, permit the 
plywood manufacturer take advan- 
tage those opportunities that are 
available him minimize 

Nine guides for optimum manufac- 
ture panels were given George 
Stanley, Jr., George Stanley Assoc., 
his discussion “Plywood Con- 
struction”. They are: Avoid design- 
ing panels that will cause trouble due 
inherent locked-in stress. 
Consider end use before designing the 
panel. not mix species wood 
indiscriminantly. all machining 
that required prepare glue lines, 
and proper sequence. Handle all 
parts carefully. Plan operations 
that minimum time elapses be- 
tween machining for gluing and the 
gluing itself. Allow proper equal- 
ization conditioning time after glu- 
ing assembly and before subsequent 
operations. not subject panels 
draft sudden temperature fluctua- 
tions. all feasible, have hu- 
midity control all areas operation 
prior gluing, and least for the 
several steps after gluing. 

plywood not the re- 
sult using one 
George Meier, Haskelite Mfg. Co., 
pointed out speaking 
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Informal Chat between, left right, 
Browne, Norman Franz, Aubrey Wylie, and 
Tegge. 


and all other 
conditions are optimimum, can 
charged the manner which the 
adhesive used. Some adhesives add 
large amount moisture wood, 
others moderate, others none 


given the subject cleanliness 
and accuracy the spreading equip- 
ment, and the matter controlling 
the moisture content veneers.” 


panel discussion moderated 
James Hamilton, Michigan School 
Mining and Technology, took place 
during the evening, and covered plant 
operating problems and suggestions 
for remedies the speakers. 


New officers installed the meet- 
ing were: Fred Atkinson, National 
Casein Co., chairman; Tam- 
minga, Hekman Furniture Co., 
vice-chairman; Brooks Applegate, 
Travis-Applegate Co., 2nd Vice-chair- 
man; Norman Franz, University 
Michigan, secretary; and Witty, 
Herman Miller Furniture Co., treas- 
urer. 


Trustees are: Gardner Garlick, Pro- 
tection Products Mfg. Co.; Wayne 
Hutchins, American Seating Co.; 
Panshin, Michigan State University; 
and Preston, University 
Michigan. 
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Officers Elected NSDJA Meeting 


were elected 
the 16th Annual 
Meeting the 
Northern Sash 
and Door Jobbers 
Assoc., attended 
Sept. 30, Oct. 
and Minne- 
apolis, Minn. 

Officers elected 
were: Marquart, Marquart Mill- 
work Co., Oshkosh, Wis., president; 
Rogers, Adams-Rogers Co., In- 
dianapolis, vice-president; Grif- 
feth, Midwest Jobbers, Inc., Chicago, 
continues treasurer; and 
Nagle secretary the Assoc. Five 
new members the Board Direc- 
tors were also named the meeting. 


MARQUART 


West Coast Seminar 
Planned for Spring 


two-week industrial forestry sem- 
inar, March 1958, the 
Berkeley campus the University 
California, will sponsored the 
Schools Forestry Yale University 
and the University California. Prof. 
serve director. 

The study and discussion sessions 
will include consideration recent 
developments forest management, 
income tax problems, business organ- 
ization, labor relations and collective 
bargaining, public relations, and the 
effects current economic trends 
the West Coast forest industries. 

The course open managerial 
personnel with five more years 
industrial forestry practice. 


New Film Released VPI 


Improved construction framed 
buildings the subject new 13- 
minute, sound color television film 
leased the Motion Picture Unit 
Virginia Polytechnic Institute. 

Addressed the general public 
well architects, builders, materials 
suppliers, and others the building 
industry, copies the film are availa- 
ble free-loan basis non-profit 
and educational organizations upon re- 
quest the VPI Extension Film Li- 
brary. The film was prepared co- 
operation with the VPI Department 
Wood Construction, with Prof. 
George Stern acting technical 
advisor. 


NAMES THE NEWS 


Claude Stitt has been appointed 
manager the newly 
sources development department 
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Fibreboard Paper Products Corp., 
Havard, vice-president, manufacturing, 
announced recently. 


Chosen 1957 Winton Lecturer 
Industrial Forestry David 
Mason, Mason, Bruce and Girard, 
announced Henry Vaux, dean 
the School Forestry, University 
California. The Winton Lectures were 
established last year furnish inter- 
change between educational 
tions and private forest industries. 


Dorian Reid has joined the Sales 
Department Synco Resins, Inc., 
Bethel, Conn., was anounced 
the firm. 


Harold Scholten has 
pointed instructor the Univer- 
sity Minnesota School Forestry, 
Kaufert, director the school. Mr. 
Scholten will teach courses farm 
forestry. 


Named new president Per- 
kins Glue Co. Canada, Ltd., 
Stryker, Jr. was elected 
fill the vacancy caused the 
founder the company. 


NEW PUBLICATIONS 


Diameter White Pine Posts 
Indicator Service Life. Wal- 
ters, Peterson, and Fox. 
experiment conducted Sinnisippi 
Forest, Oregon, which indicates 
that other tactors such sapwood 
thickness, extractive content, and 
soil environment, exert greater influ- 
ence service life than size. 


World Geography Forest 
Resources. Edited for the American 
Geographical Society Guest, 
The book analyzes the world’s for- 
ests source essential raw ma- 
terials, and brings new information 
bear the problem sustaining 
forest yields the face rapidly 
increasing demands. The Ronald 
Press Co., East 26th St., New 
York 10, 


The Natural Resources Ver- 
mont, Their Conservation and 
Development. Report the Ver- 
mont Land Use Conference. Ver- 
mont Forest and Farmland Founda- 
tion reports studies, experiments, 
and demonstrations designed im- 
prove and make more productive the 
forests and farmland Vermont. 
Copies available from the Founda- 
tion, West Rupert, Vt. Publication 
No. C-1. 


Some Effects Dwarf Mistletoe 
Western Hemlock. Well- 
wood. Reprint Forestry 
Chronicle, Sept. 1956, 32, No. 


Forest Products Laboratories 
Canada, Ottawa and Vancouver. De- 
scribes facilities and staffs the 
Canadian Reprinted 
from Canadian Woodworker the 
Dept. Northern Affairs and Na- 
tional Resources Forestry Branch, 
Forest Products Laboratory, Ottawa, 
Ontario. 


White Elm Veneer and Plywood. 
Feihl. Reports results inves- 
tigations carried out the Ottawa 
Laboratory, determine optimum 
cutting temperature and lathe set- 
tings for rotary cutting face and 
veneer, and examine the general 
qualities elm plywood. 
from Timber Canada Forestry 
Branch, Forest Products Laboratory 
Affairs and National Resources, Ot- 
tawa, Ontario. 


Review Canadian Forestry Utili- 
zation Practices. Jenkins. For- 
est Products Laboratories Canada, 
Forestry Branch, Dept. Northern 
Affairs and National Resources, 
tawa, Ontario. 


Report Visit Russia’s For- 
est Industries. Jenkins. Reprint 
from Canada Lumberman Dept. 
Northern Affairs and National 
Resources, Forestry Branch, Forest 
Products Laboratories Canada, 
Ottawa, Ontario. 


Jessome. Reports tests conducted 
the Canadian Forest Products 
Laboratories which indicate 
notch effect set end steps 
duces the efficiency scarf joints 
more than per cent. Reprint from 
Canadian Woodworker the Dept. 
Northern Affairs and National 
Resources Forestry Branch, Ottawa, 
Ontario. 

Symposium Specific Gravity 
Bituminous Coated Aggregates. 
ASTM, 1916 Race St., Philadelphia 
Pa. $2.00. 

Nailing Jamb Assemblies 
Wood Window Frames: Casing, 
Blind Stop, and Jamb. Stern. 
Virginia Polytechnic Institute, Wood 
Research Laboratory, Blacksburg, Va. 

Forest Insect Conditions the 
Southeast During 1956. Mc- 
Cambridge and Kowal. Station 
Paper 76. Southeastern Forest 
Experiment Station, Asheville, 

Wood-Using Industries New 
Hoyle. survey covering the species 
and amounts wood used manu- 
facturing wood products Available 
for $1.50 from the Dept. Forest 
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Extension, State University N.Y., 
Syracuse, 


Facts About the Nation’s Pulp, 
Paper, and Paperboard Industry. 
American Forest Products Indus- 
tries, Inc., 1816 Street, W., 
Washington 


Vocational and Professional Mon- 
Contains history the occupation 
and industry, qualifications for em- 
training required, meth- 
ods entry, opportunities for ad- 
earnings, general trends 
the industry, and sources fur- 
ther information. Available for $1.00 
from the Bellman Publishing Co., 
Box 172, Cambridge 38, Mass. 


Timber Construction Standards. 
Second edition. Contains three basic 
appearance grades glued lami- 
nated structural timbers, and sec- 
tion standard protection glued 
laminated structural members. Also 
included are criteria for design, fab- 
rication and erection both sawn 
and glued laminated structural tim- 
bers, and 
standard Available 
$2.00 copy from the American 
Institute Timber Construction, 


Small Sawmill Enterprise. In- 
tended for use establishing small 
sawmills foreign countries and 
aid for some already conducting 
such business. Available from the 
Technical Aids Branch, Office 
Industrial Resources, International 
Cooperation Administration, Wash- 
ington 25, 


Technical Guide Pulp, Paper, 
and Board Supply—Demand. Avail- 
able for 25¢ from the Depart- 
ment Commerce, Washington 25, 


Felling and Bucking Losses the 
Nixon and Gunn. Available 
from Dept. Northern Affairs and 
National Resources, Forest Products 
Laboratories Canada, Vancouver, 
Reprint from The British Co- 
lumbia Lumberman. 


Felling and Bucking Timber 
Gunn. Available from the Dept. 
Northern Affairs and National Re- 
sources, Forest Products Laborator- 
ics Canada, Vancouver, Re- 
print from The British Columbia 
Lumberman. 


Statistical Summary Lumber and 
Hardwood Flooring Re- 
ports the latest revisions the in- 
dustry’s estimates total produc- 
tion, shipments, new orders, unfilled 


orders, and gross stocks produc- 
ing regions. Issued and available 
from the National Lumber Manufac- 
turers Assoc., 1319 18th St., 
Washington 


Symposium Full-Scale Tests 
House Structures. Contains five 
papers describing full-scale structural 
tests completed house structures. 
These papers describe advantages 
and disadvantages this type 
full-scale testing, and suggest the 
need for further intensified research 
directed toward more economy 
the structural design buildings. 
Hard cover, pages, and available 
for $2.50 from the American Society 
for Testing Materials, 1916 Race St., 
Philadelphia Pa. 


Design and Tests Building 
Structures. Two symposiums, the first 
concerned with seismic and shock 
loading, the second, with glued lam- 
inated and other wood construc- 
tions. Hard cover, pages, and 
available for $2.75 from the Amer- 
ican Society for Testing Materials, 
1916 Race St., Philadelphia Pa. 

(Continued page 39-A) 


NEW PRODUCTS—LITERATURE 


Power Strap Feeder 


new power strap feeder for pack- 
ages, skids, crates, bundles, has 
been announced Signode Steel 
Strapping Co. One man needed 
operate the machine, which said 
feed 240 ft. strapping per 
minute. 


separate strapping station, model 
motor, and has foot switch. re- 
ported that any size strapping from 
5/16 .012 inch .035 inch 
can handled the machine. Infor- 
mation available from Signode Steel 
Strapping Co., 2600 North Western 
Ave., Chicago 47, 
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Three New LeTourneau Models 


Three new models logging ma- 
chinery were introduced Le- 
Tourneau, Inc., the recent Pacific 
Logging Congress Seattle, Oct. 30- 
Nov. The machines were electric 
logging arch, log hauler, and log 
handler. 

tric logging arch the diesel-electric 
power plant line with chassis, in- 
stead the earlier crossline design. 
The manufacturer estimates that 
bility strategic trail areas and work 
being handled with the log blade has 
been increased more than per cent. 

electric motor geared directly 
each wheel that uses clutches, me- 
chanical drives, body springs the 
main feature the new logging trans- 
porter, designed for travel over rough 
skid trails. Payload capacity tons. 

The log handler, new model 
the electric log stacker, has knuckle- 
like near the center the ma- 
chine’s two tusks, which allows the se- 
lection and handling 
from off-highway trucks. Detailed in- 
formation these machines availa- 
ble from LeTourneau, Inc., 2399 
South MacArthur, Longview, Texas. 


Laboratory Apparatus 


able for laboratory and portable 
meters are illustrated and described 
the latest issue LANCO APPARATUS 
News (Vol. No. 1). The 16-page 
issue describes other laboratory 
ment such magnetic stirring bars, 
fume hoods, electrothermal armored 
heaters, pipe heaters, heating tapes 
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that can cut fit, hydrogen an- 
alyzers, and others. Available from 
Arthur LaPine and Co., 6001 
Knox Ave., Chicago 29, 


Humidity Recording Device 


self-contained instrument 
minute changes ambient rela- 
tive humidity and that used moni- 
tor air conditioning systems used 
accurately control humidity indus- 
trial and laboratory operations now 
available from Serdex, Inc., Boston, 
Mass. 


The makes fluc- 
tuations relative humidity visible 
inch chart that covers 24-hour pe- 
less than per cent relative humidity 
are possible. 


The machine said have per 
cent accuracy all times, with op- 
erating range per cent per 
cent relative humidity temperatures 
from 32° 130° temperatures 
below freezing, correction chart 
used. Literature and prices are available 
from Serdex, Inc., Cambridge St., 
Boston 14, Mass. 


Hydraulic Laboratory Press 


new-model, 12-ton pressure hy- 
draulic laboratory press 
been introduced Wabash Metal 
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Products Co. Seven ten inch platens 
are Blanchard ground and electrically 
heated with temperature ranging from 
Silent mercury relays 
temperature control said eliminate 
chattering, and all controls are the 
base away from the heat zone. The 
press described bulletin 158, 
available from Wabash Metal Products 
Co., 1504 Morris St., Wabash, Ind. 


Price Rutzebeck Catalog 


New carbide-tipped plastic and 
woodworking tools are 
feature the Price Rutzebeck cat- 
alog published recently. Full 
tool specifications and list prices are 
shown throughout the 16-page catalog. 
Copies are available tool jobbers 
and users request, from Price 
Rutzebeck, Box 30, Hayward, 
Calif. 


EMPLOYMENT SERVICE 


The FPRS Employment Service op- 
erated without charge service 
members. Companies institutions with 
positions filled individuals seek- 
ing employment may participate this 
program inserting free two 
consecutive issues the Forest Prop- 
UCTS JOURNAL. Inquiries concerning em- 
ployment listings ads placed 
the should addressed 
FPRS Employment Service, Box 
2010, University Station, Madison Wis. 
Correspondence kept confidential. 


Positions Offered 


E-287—Technologist associate wanted 
Prefer significant experience with industry 
problems. Age not important, but should 
willing travel Northeast state. Will 
work independently and with Director 
furnishing technical assistance industries. 
Salary depending quali- 
fications. (Dec.) 


chemical engineer 
desired for insulation fiber board research 
and development work recently estab- 
lished Midwest research center large in- 
sulation board manufacturer. Background 
wood utilization for fiber products de- 
sired. Good opportunity. (Nov.) 


E-298—Wood technologist with good 
chemistry background needed for expanding 
research division Eastern wood preserva- 
tive manufacturing concern. Duties involve 
research, product development and some 
technical service. Initiative and creative abil- 
ity desired. Reply giving academic and in- 
dustrial experience desired. 
(Nov.) 


E-299—Recent graduate desired, with 
knowledge lumber and wood products. 
Learn wholesale lumber business. Must 
aggressive and interested selling lum- 
ber specialty wood products, and particle 
board. Moderate salary start. Located 
California. (Nov.) 


Employment Wanted 


No. 444—Experienced factory superin- 
tendent desires management sales oppor- 


tunity. Holds masters degree forestry 
from the University Michigan. Familiar 
with all phases factory management in- 
cluding production control, costs, 
ing, labor relations. Has worked closely 
with sales and design. Recent tests 
high sales and managerial talents. Age 23, 
married. (Nov.) 


No. 445—Position wanted analytical 
research development any phase 
forest utilization, either manufacturing 
ization and wood technology. 
Experienced basic wood research, 
preservation, sales, development engineering 
hardboard, lumber manufacturing and 
drying, and plant engineer integrated 
lumber operation. Age 33. (Nov.) 


No. 446—Position desired research as- 
sistant product process 
operation. Holds B.S. Forestry 
State College Forestry. Experi- 
enced industrial engineer cabinet fac- 
tory. Prefers New England, Northeast, 
Northwest location. Age 27, 
(Dec.) 


No. 447—Position desired chief 
neer research engineer. Age 29, holds 
Wood Technology. Five years experience 
paper, furniture, chemical research and au- 
tomation. Rocky Mountain South Amer- 
ican location desired. (Nov.) 


No. 448—Position desired production 
with West Coast Lumber firm. years 
age with experience barking, chipping, 
glue-up, and research and 
work. Holds B.F. and B.S. degrees. (Dec.) 


No. 449—Position wanted sales, sales 
promotion, advertising, public relations 
editorial work with company trade pub- 
lication. Holds B.S.F. and M.S. Forest 
Management. Desires salary 
$5,500. Will locate anywhere except South 
Atlantic States. Age 25, married. 
enced forester. (Dec.) 


WOOD TECHNOLOGIST 
for 
SASKATCHEWAN TIMBER 
BOARD 


work the development new 
wood products mainly for the Canadian 
prairie market made from locally 
available woods and mill residue. 
The man require will have had 
training practical experience 
search and development this field. 
will expected keep abreast 
all developments which may applica 
ble our situation, work coopera 
tion with public research agencies and 
initiate avenues research that 
may appear promising. will 
expected familiarize himself 
building practices and needs 
market area and with competitive 
ucts and come with 
sound proposals for new products 
the available materials. 
This challenging opportunity 
participate and assist the further 
development highly successful and 
progressive public concern. 
Salary according qualifications plus 
other attractive employee benefits. 
Applications will treated 
confidence. 
General Manager 
Saskatchewan Timber Board 
Prince Albert, Sask. 
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Charcoal Production Kilns 
EDWARD BEGLINGER 


Chemist, Forest Products Laboratory’, Forest Service 


substantial portion today’s charcoal produced kilns. 
Recreational demand has greatly increased the market, but profit mar- 
gins are still not large. far, research indicates that masonry-block 
kilns 7-cord capacity are the most economical units, although the 
lower yield portable sheet-metal kilns least partially offset 


their utilization aspect. 


Methods and Scope Production 


HAS BEEN PRODUCED 
American industry for many years. 
Although there has been gradual 
change from the primitive pit kilns 
keyed for more uniform and efficient 
production, the method employed re- 
mains unchanged principle. 

Charcoal formed kiln when 
wood heated the presence regu- 
lated but limited amounts air. The 
primary heat furnished igniting 
part the charge. addition, reac- 
tion heat becomes available the wood 
undergoes conversion. After the surface 
zone the wood has dried, and con- 
trolled combustion heat increases, wood 
decomposition occurs and charcoal 
formed. The heat required maintain 
carbonization coaling conditions 
supplied essentially the wood 
decomposes and combustion the 
gases and vapors given off the wood. 
“coaled when the smoke emerg- 
ing from the stacks maintained 
low level for some time. Cooling ac- 
complished exclusion air. Char- 
coal recovered the residue along 
with usually small amounts ash pro- 
duced during the coaling process. With 
the exception the pit earth kilns, 
the use which has declined greatly, 
present facilities are still fairly repre- 
sentative the types used throughout 
the industry for years (Fig. 1). 

Presented the Eleventh National Meeting 


Maintained Madison, Wis., coopera- 
tion with the University Wisconsin. 


Author: Edward Beglinger has 
ciated with carbonization research the Forest 


Products Lab. for many years. directs funda- 


tal and pilot-plant investigations, well 
wood distillation and charcoal kiln 
currently associated with the 
coordination Forest Service 

Studies the development and application 
more suitable operating methods 
for kiln production. 


Roundwood from both merchantable 
and low-value stock and residues from 
manufacturing plants supply 
suitable raw material for kiln charcoal 
production. Wood from medium-dense 
species like birch, beech, ash, maple, 
hickory, and the oaks preferred be- 
cause the greater charge weight that 
possible compared the reduced 
volume weights the lighter hard- 
woods and many the softwoods. The 
greater yields charcoal from the 
denser hardwoods provide .not only 
more favorable economic condition but 
also the firmer and heavier type 
lump charcoal traditionally demanded. 


The less satisfactory condition pre- 
vailing market reluctance for the 
bulkier charcoals from the lighter 
woods and the reduced weight yields 
per charge could made more at- 
tractive perhaps generally lower 
kiln site costs for this type raw ma- 
terial. Briquetting affords potentially 
good outlet for these lighter charcoals, 
since the bulkier product 
lighter species loses its identity after 
ground, and yields material not un- 
like that the heavier lump charcoals. 


Charcoal production the United 
States during 1956 amounted 
264,990 tons (1)*. About one-fifth 
this amount was produced approxi- 
mately 234 kiln operations. Kilns are 
concentrated greatest numbers the 
Eastern, Great Lakes, and South Cen- 
California the only 


cited end this report. 


Fig. 1.—The evolution commercial charcoal production methods. Upper Left: The primi- 
tive earth kiln; Upper Right: The beehive kiln, still common use; Lower Left: The low-capacity, 
transportable, sheet-metal kiln; Lower Right: The higher yielding, masonry-block kiln with 


steel doors. 
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western state with significant num- 
ber. The majority kilns 1956, 
numbering 604, were the masonry 
block type (4, with wood capaci- 
ties about cords (Fig. 2). 
There were 207 sheet-metal (2, 
and 200 brick kilns. There little 
uniformity kiln type operational 
capacity, since charcoal manufactured 
portable sheet-metal units that hold 
little 1/4 cord and brick 
ceramic-tile beehive kilns with much 
larger capacities. The pattern pro- 
duction among these many units 
quite varied, and provides com- 
mon yardstick which individual op- 
erations might compared and evalu- 
ated the basis production effort 
and adequate return. 


With steadily increasing recrea- 
tional demand for charcoal, interest 
kiln production has likewise grown. 
This accelerated interest has led mis- 
guided efforts and monetary losses, but 
for the most part satisfactory profit 
has been realized. Should possible, 
methods, greater benefits might well 
result. Research can, with the wealth 
experience industrially available, ac- 
complish much the development 
more efficient methods for wood pro- 
curement, kiln operation, and mecha- 
nized facilities the kiln. Operators 
face serious problems pertaining 
charcoal yields, quality and uniformity 
product, the kiln itself, and markets. 
Equally important are the problems 
raw material, labor, kiln maintenance, 
and depreciation costs, all which af- 
fect charcoal production costs. Prior 
knowledge associated with the solution 
such problems considered most 
essential determining either ex- 
pected profit insufficient return. Ad- 
ditional basic information needed 
all these fields, and would assist ma- 
terially the improvement opera- 
tional procedures and particular 


interest others contemplating pro- 
duction this field. 


Research 


provide needed information, the 
Forest Service has extensive research 
underway involving kiln design, con- 
struction materials, structural perform- 
ance, kiln operation, and process de- 
velopment. Much this work, con- 
ducted primarily both single- and 
double-wall, 7-cord, 
kilns, extension the original in- 
vestigations Hicock and as- 
sociates and their development the 
single-wall, and 2-cord units (Figs. 
and (4, 7). Field work was 
started about years ago. The initial 
investigations were conducted 7-cord 
capacity, single-wall, masonry block 
kilns St. John’s University, St. Cloud, 
Minn., and the Argonne Forest Wis- 
consin; 10-cord unit the Dukes 
forest Michigan; 7-cord kiln 
the Whitehall Forest Georgia; and 
2-cord unit the Bladen Lakes 
Forest North Carolina. This work 
was done association with the Lake 
States and Southeastern Forest Experi- 
ment Stations the Forest Service and 
the North Carolina Department 
Conservation and Development. All 
these kilns were operated conven- 
tionally with air 
ports and single stack control. 


More recently, kilns double-wall 
design and 7-, 3-, and 2-cord capacities 
have been developed and included 
the program field experiments. Im- 
portant features these kilns are 
sand column between the walls that 
acts complete sealant during cool- 
ing the charge, ports for air entry 
single location, and smoke stacks 
the midpoints the side and rear 
walls. Such air ports and stacks pro- 
vided good dissemination and more ef- 
ficient use air required input 
levels. Complete thermocouple 


Fig. 2.—An up-to-date commercial charcoal operation California, featuring the favored 
masonry block construction with stee! doors. 
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ding the coaling chamber permitted 
establishment controlled time-tem- 
perature coaling patterns for optimum 
operational procedure. Results indicate 
that kiln life can expected sub- 
stantially long with minimum 
nance, and that 
quality product can recovered op- 
timum time and temperature levels and 
adequate conversion amounts. 

the average, about per cent 
the dry weight the wood available 
carbon for charcoal production. 
least much present hardwood 
barks, but softwood 
somewhat less carbon the 
than does wood. Bark may therefore 
yield much probably more 
coal than does wood. 

The charcoals made 
kiln burning and externally 
recovery-plant ovens are alike 
erties. The amounts moisture 
per cent), volatiles (18 
cent), ash per cent), and fixed 
carbon (74 per cent) 
largely determine its quality for 
eral market acceptance. Production 
charcoal with these component 
assures not only good quality but 
maximum yield per kiln charge. Char- 
coals with lower amounts volatiles 
and correspondingly higher amounts 
fixed carbon may purposely pro- 
duced accelerated combustion 
uncontrolled overburning. Underburn- 
ing through lack proper kiln con- 
trol, the other hand, will produce 
charcoal that definitely degraded be- 
cause high volatiles, and has 
tendency smoke when burned. 
Charcoals low volatile content are 
desirable for specialized industrial use, 
but unless these markets are available 
premium prices overcome the re- 
duced kiln yields, the producer’s profit 
likely suffer. Degraded charcoals 
provide greater kiln yields and higher 
tonnage, but market confidence and 
security are very apt likewise 
degraded. 

general, the Forest Service study 
program has centered around these re- 
search objectives: 


Development designs for 
commercial, medium capacity, 
kiln, with initial emphasis 
block construction. 

Development practical and 
producible operating methods 
vide optimum 
quality with 
deterioration. 

Determination economic: 
kiln production with relation 
and mill sources low-value woo 

Development kiln mecha: 
tion methods minimize labor 


The scope the study being 
ducted the various field location 
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on- 


Fig. 3.—Experimental 2-cord, sheet-metal kiln. 


cludes such raw-material variables 
species, moisture content, type form 
and size, density, and bark content. 
These variables affect the charcoal 
yield, quality, and production econo- 
mies. such, they have equal weight 
with such operation variables loca- 
tion ports for regulated air input, 
location stacks, kiln ignition, and 
coaling temperatures and cooling meth- 
ods. suitable operational procedure 
has been worked out, and structure 
that includes essential elements de- 
sign has been developed. 


There are yet too few data for 
final recommendations regarding either 
the method operation the struc- 
ture itself. Results attained thus far, 
however, give grounds for optimism 
about future investigations. brief 
summary results indicates: 


Average conversion values 
per cent per cent charcoal from 
medium dense hardwoods with per 
cent and per cent moisture 
contents respectively. 

Low-temperature coaling patterns 
for optimum yields high-quality 
charcoal. 

Coaling time may reduced 
one-half using stacks and single 
air-entry control. 

Maximum coaling temperature 
need not exceed 950° 

Operation can improved with 
use low-cost temperature-indicating 
instrument (8). 

structure possible that com- 
bines elements comparatively low 
cost, operational flexibility, and long 
life expectancy. 

lowered. 


These results, though useful for im- 
kiln operation, have extended 
value conjunction with other and 
important factors for produc- 


tion economic levels. best, 
generally recognized that the profit op- 
portunities are not large. Probably the 
most important single factor control- 
ling profit loss the cost raw ma- 
terial, since cords medium- 
dense wood are generally required 
produce ton charcoal. 


Thus the cost the raw material 
may easily represent more than one- 
half the charcoal production cost per 
ton. Added this are such costs 
labor and kiln depreciation. operat- 
ing efficiency were improved, the rela- 
tion these costs profitable pro- 
duction would more readily evalu- 
ated. This not meant imply that 
the importance these factors not 
already well known, but rather em- 
phasize how critical each factor be- 
comes when returns are somewhat mar- 
ginal. Recent experimental results from 
kiln comparison study (10) indicate 


Fig. 4.—Model the experimental 7-cord kiln favored 


the Forest Service. 


what may expected ton produc- 
tion costs with wood various as- 
sumed cord cost levels, labor charges 
$1.00 per hour, and kiln depreciation 
per cent. These data, obtained 
from the experimental operation 
two sizes sheet-metal kilns and 
small masonry-block unit, are shown 
Fig. together with similar data from 
the experimental operation 7-cord 
masonry-block kiln. The lower char- 
coal yield normally obtained from un- 
insulated sheet-metal kilns primary 
factor relating the comparative in- 
fluence these costs charcoal ton 
production costs. 


Wood costs are prime importance, 
shown their marked effect 
ton production costs progressively 
higher levels. Assuming break-even 
point $50 ton, which appears re- 
alistic marketwise, about $7.00 the 
highest price that the smaller kilns 


COST PER CORD (DOLLARS) 


COST PER TON OF CHARCOLL 


CORD METAL 
fe CORD METAL KILN 
2 CORD MASONRY WIL 


? CORD MASONRY HILN 


60 


CLUDES WOOD - LABOR - DEPRECIATION 


Fig. 5.—Experimental data—charcoal ton production costs various 
wood cord costs. 
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Fig. charcoal briquetting plants. 


could economically absorb per cord. 
this basis, the two larger kilns could 
operate profitably with wood that costs 
$11.00 $12.00 cord. Since labor 
costs are critically important, 
duction them would correspond- 
ingly reflected the production cost. 
Substantial reductions labor costs are 
most likely more units are run 
staggered operations. The extent 
which the curves Fig. may 
shifted the left, lower production 
cost levels, will determined 
series further experiments. Addi- 
tional data are required also for sub- 
stantiation the preliminary results 
shown these curves. 


General 


Charcoal production kilns 
obvious means utilizing low-value 
wood profitably with comparatively 
little plant investment. Kiln costs are 
comparatively low, and generally run 
between $150 $200 per cord ca- 
pacity. The smaller portable units, 
though somewhat higher capital cost 
per cord capacity, can located 
easily moved near sources wood 
supply and markets. Whether given 


1.—WEIGHTED AVERAGE COST PER 
CORD WOOD DELIVERED CHAR- 
COAL PLANTS, FORM WOOD 
AND REGION, 1956 


Cost per cord, dollars 


Region Roundwood Residues 
Northeast _ - 12.00 7.50 
Southeast _ - - 7.90 2.70 
12.70 9.25 
6.90 5.90 
Southern 12.65 11.70 
12.10 
Other 7.80 6.50 

11.70 8.75 
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kiln operation small large, 
composed units various types and 
sizes, the numerous 
lished commercial producers have 
proven that measure profit pos- 
sible more often than not. 


Additional profits might well result 
when kiln conversion integrated 
with forest management. The heavy 
supplies down and cull stock and 
thinnings potentially available from 
improved management practices are 
quite suitable for raw material 
high-value wood. The role kiln pro- 
duction management tool should 
not overlooked merely the basis 
While some margin monetary profit 
desirable and most cases essential, 
the cost removal such material 
from forests and woodlots might 
borne large part means char- 
coal production. 


The cost forest roundwood 
the kiln site not always attractive, 
and may run $12.00 more per cord 
because procurement charges and 
competition other uses. The cost 
mill residue generally more favorable. 
Comparative kiln-site costs for both 
kinds raw material regions are 
shown Table (1). High wood 
costs make production distinctly mar- 
ginal, not unprofitable, for the ma- 
jority commercial operations. 
higher levels wood cost, in- 
creasingly important get optimum 
charcoal yields and uniformity. 

Raw material costs less the opera- 
tion the kilns can integrated with 
that nearby sawmills where slabs 
and other residues are available. The 
cost this kind raw material 
substantially reduced where conditions 


that affect individual operations are 
favorable. considerable price advan- 
tage, the average, exists 
for the mill waste kiln raw 
material. 

The rapidly increasing 
tially unlimited markets 
tional charcoal should make possible 
much greater use these waste raw 
materials and thereby encourage the 
practice good forestry and the 
zation mill residues. 


Several factors that have accomp.- 
nied the expansion the charcoal 
dustry will doubt continue 
important part time goes 
Chief among these has been the gro 
ing market preference for briqueti 
and the upsurge has 
kiln facilities provide more charc 
and the strategic placement plants 
convert and market the form 
briquettes. Since about 1951, the 
ber briquetting plants has 
plants have operated for some 
association with hardwood 
practice, while more have 
been constructed conjunction 
other by-product operations. total 
briquetting plants are thus 
ated closely integrated with 
charcoal production. 


Investmentwise, this extension 
briquetting industry the use kiln 
charcoal represents estimated 
amount more than $2,000,000 for 
the briquetting facilities alone. ad- 
dition, estimated that $200,000 
has been invested kilns that 
duce charcoal for briquettes and the 
lump market. These markets together 
provide good evidence the continu- 
ing buildup what may appropri- 
ately termed scavenger industry. 

The heaviest concentration both 
briquetting and kiln operations 
the eastern half the country. This 
shown Fig. which includes char- 
coal plants with byproduct recovery fa- 
cilities. All are closely associated with 
abundant and well-established sources 
forest and mill raw material, and 
have markets within areas high 
population density. 


cannot ascertained clearly ‘hat 
kiln production the one 
briquetting operations the ‘her 
have been the dominating influer 
creating the closely knit 
pattern that has developed. 
dent, however, that each must 
ment the other increasing 
and thus provide industrial 
benefit both. One obvious and 
benefit the wider market briqu ‘ting 
provides for kiln charcoal fines, 
are produced normally the 
about per cent the total 


NOVEMBER, 


ay 
\ 
5 
~ 


Another presumably the more con- 
and widespread utilization 
rest and mill wastes, which has the 
end result improving for- 
practice and mill scrap utilization. 
dual relationship might create 
aditions favorable firm and long- 
charcoal contracts adequate 
levels. These factors might also 
development large-scale 
kiln production with low 
investment, and favor the 
the charcoal selling base 
include both briquette and lump 
cms. 
the market for charcoal continues 
expand, might reasonably pre- 
the present level national 
the present investment 
both briquetting plants and kiln pro- 
duction can supplemented without 
critical danger saturating the mar- 
ket for briquettes general lowering 
prices the producer. Appraisal 
further factor which brief mention 
has been made heretofore concerns es- 
pecially the raw-material worth the 
softwood and lighter hardwood species. 
The fact that kiln charge yields from 
these are lower than from the preferred 
species should not entirely eliminate 
their use, since there indication 
some areas that lower primary costs 
would tend balance off the reduced 
yields the lighter-weight woods. 
Greater expansion the industry 
might then enlarge the possibilities for 
the economical conversion additional 
low-value raw material. 


In OL 


Conclusions 


Kiln production constitutes 
stantial portion the total charcoal 
tonnage now produced, and excel- 
lent position expand demands 
may multiply. not necessarily true 
that extension duplication the 
present pattern the already estab- 
lished kiln industry will automatically 
assure continuation production 
generally satisfactory economic levels. 
Increased production charcoal 
meet the growing market demands will 
best attained progressive 
expansion kiln facilities. Research 
results already obtained, together with 
those forthcoming, are needed make 
such industrial expansion most effective 
and profitable. 

Transition from the customary pro- 
duction pattern widely scattered kiln 
more compact and unified 
groups may expected and already 
underway. This will accompanied 
new problems suitable kiln in- 
raw material supplies, and 
market competition. The economic ef- 


Fig. 7.—Distribution briquetting 
production operations and by-product recovery plants. 


fect the accelerated demand for 
briquettes the producers who rely 
chiefly upon developed and fairly well 
established outlets for bagged lump 
charcoal cannot predicted. Neither 
can foreseen, the basis ex- 
pected increases recreational mar- 
kets, what extent more aggressive 
market competition with expanded pro- 
duction will affect favorably other- 
wise the returns the producer. 


That there are economic limitations, 
well favorable aspects kiln 
production, well recognized. or- 
der that some these limitations 
might reduced, research needed 
and the results can gainfully ap- 
plied. Organized and cooperative in- 
dustrial efforts with firm technical 
basis supplied research 
vide not only very valuable but prof- 
itable management and utilization tool 
well. 
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Discussion 


does your $50 per ton figure mean? 

Mr. Beglinger: This represents 
bulk charcoal price, that is, what 
operator might expect accordance 
with market quotations generally es- 
tablished. price frequently 
quoted. 


Sayward (Vermont Bureau 
Industrial Research): Your slide map 
indicated three four kilns Ver- 
mont. Are these commercially operat- 
ing? How the information such 
kilns acquired 

Mr. Beglinger: believe these 
kilns presently operating. Kiln 
operation information obtained 
variety ways—most generally 
Forest Service field contact. 
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The Effects Soil, Moisture, and 
Aeration Variables Bioassay 


the Soil-Block Culture 


Research Department, Organic Chemicals Division, Monsanto Chemical Co., 


Data indicate that aeration capping generally favors decay 


St. Louis, Missouri 


activities more than venting. Increase moisture content the soil 
substrate also enhanced decay. Moisture content decayed blocks 
was considerably higher vented bottles compared loosely 
capped, and may have been one the causes for differences found. 


Introduction 


ABORATORY TESTING WOOD PRE- 

SERVATIVES dates back the begin- 
ning this century, when Breaz- 
zano (1)? tested fungicidal activities 
blocks cut from treated cross ties 
1913, and proposed sand-block cul- 
ture method 1922 (2). the 
European standard agar-block method, 
the test fungi were grown Kolle 
flasks malt agar medium. While 
the Petri-dish method was the early 
favorite the United States, both the 
agar-block and the Petri-dish methods 
were adopted 1930 (3). 

Early work soil-block method 
was published Europe Flerov and 
Popov (4) 1933. the United 
States, the soil-block culture method 
was pioneered Leutritz (5), who 
formalized the procedure 1946 (6). 
Leutritz reported his intensive studies 
the activities wood-destroying 
fungi influenced moisture, soil 
nutrients, incubation temperature, and 
forth, but did not investigate the 
effect aeration. Duncan and Rich- 
ards carried out many studies the 
preservative properties 
pentachlorophenol and 
thenate solutions the soil-block cul- 
ture method. They compared the influ- 
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ence fungal species, wood species, 
specific gravity the test blocks, soil 
types, and weathering schedules (7) 
(8) (9), but they did not include aera- 
tion the decay chambers variable. 


Eades and Roff (10) emphasized the 
need adequate and precise aeration 
for the soil-block cultures. Using 
zites trabea and Poria monticola test 
fungi, they experimented with four 
methods aeration, including venting 
each stoppered bottle with short 
glass tube. The fungal activity, 
measured the reduction weight 
the decayed blocks, was reported 
slightly higher and more uniform 
the vented than the loosely capped 
jars. Here was assumed that the two 
methods closure, while different 
moisture retention, were similar with 
respect “oxygen-carbon dioxide 


parts his studies the soil- 
block procedure, Snoke (11) reported 
that the threshold values two creo- 
sotes, for protection against 
lepideus, Madison 534, were and 1.7 
per cu. ft. wood higher with 
the vented jars than with the loosely 
capped jars. pointed out that Eades 
and Roff used three test blocks per 
bottle, the cap liner which was left 
inserted, and that their feeder strips 
were about half the thickness 
erally 


1956, the American Society 
Testing Materials adopted 
block culture method—ASTM 
nation (12)—as Tenta- 
tive Method Testing Wood Pre- 
servatives. The standard specifies that 
the culture bottles are fitted with 
screw caps from which the liners are 
removed, and that the caps are re- 
leased one-fourth turn from the tight- 
ened position during incubation. This 
laboratory has been using the ASTM 


method most bioassay work 
servatives. view the aerobic 
ture the organisms involved, 
believed that aeration one 
variables that deserves 
attention. 


Test Program 


program was initiated study 
decay untreated ponderosa pine 
wood Lentinus lepideus, 
trabea and Poria monticola means 
the soil-block culture method. Five 
moisture conditions and aeration 
either loose capping venting with 
glass tubes were studied. 

cently made the Monsanto labora- 
tory, half the replicated cultures 
were aerated the manner specified 
ASTM and the other 
half venting with mm. (O.D.) 
glass tubing. Instead using tubes 
bent 45°, did Eades, Roff, and 
Snoke, the upper ends the vent tubes 
(approximately the same 3-in. length) 
were bent downward the form 
inverted (Fig. 1). common 
knowledge that, such more less 
stagnant condition, the shape the 
tube has influence the rate 
gaseous diffusion, which 
versely with the length and 
with the cross-sectional area. 


The soil substrate used was 
silt loam* treated with 0.1 per cent 
Krilium* soil conditioner. The 
holding 23.6 per cent 
unchanged the addition the 
ditioner. was necessary treat 
soil avoid puddling per 
moisture content. After the 90-day 
cubation period, the weight losses 
the decayed blocks were found 
somewhat higher with the loo: 


Mineral components: sand, 86% silt 
12% clay. Organic matter 2%. 6.8. 

trade mark Monsanto Chemical 
synthetic polyelectrolytes, this case, amm 
ated anhydride copolyme 

ASTM 
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Table 1.—MOISTURE CONTENT* OF DECAYED BLOCKS AT 


END 90-DAY INCUBATION 


Blocks infected with Blocks infected with Blocks infected with 


Soil Lentinus lepideus Lenzites trabea Poria monticola 
oisture = - 
Capped Vented Capped Vented Capped Vented 
er cent Percent Percent Percent Percent Percent Per cent 
Conditioner-Treated Soil 
36 48 37 49 40 48 
Av. 37 Av. 45 Av. 39 Av. 47 Av. 41 Av. 49 
45 59 47 71 45 64 
45 48 43 64 44 62 
Untreated Soil 
40 55 40 48 41 49 
35 47 39 53 45 50 
36 44 38 49 39 58 
Av. 37 Av. 47 Av. 39 Av. 51 Av. 41 Av. 52 
42 54 44 53 43 61 
41 52 46 57 47 . 60 
42 0) 46 47 44 58 


*Based on the oven-dry weight of the decayed blocks. 


capped than with the vented jars. The 
results this first experiment with 
venting apparently did not substantiate 
the finding reported Eades and Roff. 
was noted, however, that they used 
green house soil” with approxi- 
mately per cent moisture content, 
and Snoke sandy with 
per cent moisture content. 

Since the various types soil used 
different laboratories may differ 
considerably with respect hygro- 
scopic coefficient and moisture equiva- 
lent, well soil nutrients, reaction, 
and forth, specifying moisture con- 
tent the soil substrate may not nec- 
essarily standardize soil moisture con- 
dition with respect its influence 
the fungal activities soil-block cul- 
tures. With this concept, was decided 
that the venting experiment include 
five levels soil moisture. 


Experimental 


Replicates untreated ponderosa 
pine sapwood test blocks were pre- 
pared, sterilized, separately infected 
with lepideus, Madison 534, 
Madison 617, and 
Madison 698, and 
incubated according the general 
With each the three fungi, 
the following soil substrates 


was used support five replicates 
test blocks (two blocks per replicate) 


Conditioner-treated Memphis silt 
loam containing per cent 
moisture. 

Conditioner-treated Memphis silt 
loam containing per cent 
moisture. 

Conditioner-treated Memphis silt 
loam containing per cent 
moisture. 

Untreated Memphis silt loam con- 
taining per cent moisture. 

Untreated Memphis silt loam con- 
taining per cent moisture. 


addition, the above procedure was 
followed for another group exactly 
the same number soil-block cultures 
that were aerated venting with 
mm. (O.D.) glass tubing instead 
loosening the caps. 


After the 90-day incubation period, 
the weight changes the individual 
soil-block the moisture con- 
tent the decayed blocks, and the 
weight losses due decay were deter- 
mined. The soil-block cultures the 


Each culture initially consisted 100 grams 
oven-dry soil plus grams water for the 
soil substrate with 24% moisture, grams 
water for the soil substrate with 34% moisture, 
grams water for the soil substrate with 
40% moisture, and two féeder strips (about 1 g. 
each) and two test blocks (about 4 g. each). 
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Loosely Capped 


Fig. 1.—Comparison methods aeration. 


Vented 


loosely capped jars showed weight 
whereas those the vented jars lost 
less than grams. The moisture con- 
tent the end the incubation period 
and the corresponding weight losses 
the decayed blocks are shown Tables 
and respectively. 


Interpretation the Data 


Fungal Activities Measured 
Weight Losses Decayed Blocks. 

Aeration Capping vs. Venting. 
The data Tables and indicate 
that aeration capping generally fa- 
vors decay more than does venting. 
With Lentinus lepideus, the difference 
pronounced and highly significant 
under all the soil moisture conditions 
tried. For example, testing the sig- 
nificance the difference between 
which indicates that the population 
mean can regarded greater 
than that with less than 1-in- 
100 chance for error 0.01). 
With Lenzites trabea and, especially, 
Poria monticola, the difference the 
effect between the two methods aera- 
tion less significant. From the limited 
data obtained, not feasible as- 
certain any definite trend pattern 
for the reproducibility. 

Moisture Content Soil Sub- 
strates. Although the per cent weight 
loss increment the decayed block 
slight when the moisture soil sub- 
strate increased from per 
cent, the increase becomes considerable 
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Table 2.—WEIGHT LOSS* 
AFTER 90-DAY INCUBATION 


Blocks infected with 
Soil Lentinus lepideus 


DECAYED BLOCKS 


Blocks infected with Blocks infected with 
Lenzites trabea 


Poria monticola 


Capped Vented Capped Vented Capped Vented 
Per cent Percent Percent Percent Percent Percent Per cent 
Soil 
18.1 25.8 21.8 21.4 
13.6 22.2 21.4 25.2 24.6 
24.2 14.3 25.1 23.4 
17.2 12.8 23.8 19.7 24.1 
15.7 25.3 24.9 21.4 
21.5 18.7 30.2 25.4 21.6 
25.9 16.8 33.1 22.6 28.8 23.1 
17.5 29.4 27.1 22.9 
26.1 14.5 31.6 26.1 28.8 25.2 
25.5 19.9 29.8 24.6 
44.6 28.3 37.9 30.0 28.0 28.6 
45.0 22.1 31.4 26.1 32.9 30.5 
39.0 20.6 28.4 27.5 30.5 29.4 
35.4 41.8 28.8 34.0 28.0 
30.9 25.1 37.7 25.9 27.2 28.8 
Untreated Soil 
20.4 16.5 30.7 25.6 25.2 21.7 
18.9 14.6 28.5 29.5 31.8 21.8 
20.2 14.3 30.3 34.8 27.8 25.9 
17.0 26.7 22.5 27.0 
15.0 14.3 31.0 24.6 20.2 
24.4 32.3 31.6 25.3 25.8 
24.5 16.7 32.3 28.6 29.1 20.6 
18.3 36.5 28.3 24.7 
22.4 16.5 35.0 28.0 26.1 
19.9 20.8 38.0 35.5 29.3 22.6 


*Computed from equilibrium weight of the test block (conditioned in 50% 
relative humidity 75°F.) before and after the decay test. 


the per cent level. this respect, 
Lentinus lepideus more affected than 
Lenzites trabea, which, turn, more 
affected than monticola. 

Treatment with Krilium Soil 
Conditioner. Based statistical analy- 
sis the data, the slight apparent 
effect (positive for one fungus and 
negative for the other two) the con- 
ditioner treatment the soil fun- 
gal activity not significant. Although 
its biochemical effect, any, cannot yet 
ascertained, the conditioner-treat- 
ment makes possible add per 
cent moisture Memphis silt loam 
about higher decay activities. can, 
therefore, considered have in- 
fluence this particular experiment. 


Moisture Content Decayed 
Blocks. Unlike the percentage weight 
loss, the data moisture content 
the decayed blocks readily give clear 
picture with respect both magnitude 
and reproducibility (Table 1). Be- 
tween the various soil moisture condi- 
tions and between the two methods 
the differences found are 
highly significant. Among the groups 
aerated either the two methods, 
the increase moisture content the 
decayed blocks that results from the in- 
crease moisture content the sup- 
porting soil substrates probably at- 
tributable mainly larger extent de- 
cay and possibly, also, larger mois- 
ture uptake. the other hand, the dif- 
ference moisture content the de- 
cayed blocks found between the two 
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methods aeration can ascribed 
the difference moisture retention 
the two types closure, indicated 
also the weight changes the indi- 
vidual soil-block cultures. 


There have been many studies the 
optimum moisture content wood 
with respect decay caused the 
various species fungi, but the results 
were somewhat conflicting. The differ- 


ence moisture retention between the 
two methods closure, therefore, may 
may not one the causes for the 
difference decay activities. 


Conclusion 


Under the conditions this 
block experiment, aeration loose 
capping generally favors fungal activity 
more than does venting. The low sig- 
nificance replication, due the lim- 
ited data, does not permit 
comparison precision between 
two methods. Between the levels testec 
the increase moisture content 
substrate also enhances decay. rela 
tion these two variables, 
lepideus, Lenzites trabea and 
monticola are descending 
responsiveness. 

While the data not indicate 
biochemical effect, treatment 
Krilium soil conditioner makes po: 
sible add per cent moisture 
Memphis silt loam without 
and thus brings about higher decay 
tivity this particular experiment. 

With other variables the same, 
moisture content the decayed 
considerably higher the 
than the loosely 
which indicates marked difference 
moisture retention. 


Discussion 
The higher fungal activity loosely 
capped bottles probably due one 
both two factors: the greater sup- 
ply oxygen and the more favorable 
moisture condition the test blocks. 
The second factor still controversial. 
Although rather difficult com- 
pare calculation the rate gaseous 


Table 3.—STATISTICAL ANALYSIS WEIGHT LOSSES AFFECTED 
METHOD AERATION 


Test fungus 
Lenzites trabea Poria monticola 


Capped Vented 


Soil moisture Lentinus lepideus 
Capped Vented 
(a) 24 Per cent A A’ 
Std. Deviation 2.73 2.08 
Sample Mean. 21.8 14.9 
Coef. of Var. % 12.5 14.0 
t or xi1—x2/Sx 4.50 
(b) 34 Per cent B B’ 
Std. Deviation 2.91 2.07 
Sample Mean. 25.7 
Coef. of Var. %- 11.3 12.0 
t or x1—x2/Sx 5.33 
(ce) 40 Per cent c Cc’ 
Std. Deviation __ 6.04 2.96 
Sample Mean 39.0 24.0 
Coef. of Var. % 15.5 12.3 
(d) 24 Per cent D D’ 
Std. Deviation _ 2.78 1.07 
Sample Mean 18.3 14.7 
Coef. of Var. %- 15.2 7.3 
Std. Deviation _ 2.00 2.56 
Sample Mean_ 22.5 18.9 
Coef. of Var. %- 8.9 13.5 
t or x1—x2/Sx 2.16 


0.05 and 0.1, respectively. 


Capped Vented 
Conditioner-Treated Soil 
1.63 1.82 2.29 1.49 
24.2 23.6 23.0 22.8 
6.7 10.0 6.5 
0.55 0.16 
1.52 2.55 2.22 1.44 
30.8 24.2 26.8 23.5 
4.9 10.5 8.3 6.1 
4.95 2.81 
5.42 1.76 2.97 0.9 
35.4 30.5 29.1 
15.3 6.4 9.7 3.3 
3.02 1.01 
Untreated Soil 
3.51 4.34 3.75 2.9 
28.8 28.0 26.4 23.3 
15.5 14.2 12.7 
0.32 1.52 
2.70 3.07 1.91 
34.9 31.3 27.1 23.4 
9.8 7.0 a 
1.98 3.00 


For 8 degrees of freedom, the critical value of t is 3.555, 2.896, 2.306 and 1.860 when P is 0.01, ‘ 
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Table 4.—COMPARISON MOISTURE CONTENT AND PER CENT 
WEIGHT LOSS DECAYED BLOCKS—INCUBATION 
ONE TEST BLOCK VS. TWO TEST BLOCKS PER BOTTLE* 


Test fungus 


Lentinus lepideus 


Lenzites trabea 


Poria monticola 


Two blocks One block Two blocks One block Two blocks One block 


Per cent Moisture Content Decayed Blocks 
d+e f gt+h 


43 
Av. 52 


Per cent Weight Loss Decayed Blocks 
d+e 


46.9 
Av. 38.4 


35.5 52. 
Av. 54.9 Av. 27.3 


> 


*Loosely screw-capped, 8-ounce cylindrical 


diffusion through the passages the 
two methods closure, actual com- 
parison physicochemical means 
teasible. Furthermore, the comparison 
could have been definitely based the 
rate moisture loss alone, had not 
been for the possibility that some 
condensate creeped through capillary 
crevices the loosely capped bottles. 

view these indications, further 
experimentation along this line should 
include larger passages for gaseous dif- 
fusion, particularly the case vent- 
ing, and loose-capping arrangement 
that free from possible loss con- 
densate through capillary movement. 
better control the size rather than 
the type passage may reduce the 
experimental error very effectively, and 
thus prove important factor 
affecting reproducibility. 

Because its size, particularly the 
thickness, the feeder block may an- 
other important variable. ASTM 
specifies that the dimen- 
sions 0.4 1.9 3.5 cm. Aiming 
standardization Colley mentioned 
his paper (13) that the feeder blocks 
used were 3.5 2.0 cm. 
dimensions. conceivable that, 
unless special attention given, the 
feeder blocks used any series soil- 
block cultures may vary considerably 
size. The effect size, however, should 
better understood before any further 
recommendation can made. 


Addendum 


The data previously reported this 
paper (Tables and led the au- 
thors suspect that aeration very 
important limiting factor for the decay 
activities under the conditions the 
culture method. brief 
follow-up experiment was immediately 
carried out obtain comparison be- 
the extent decay resulting 
loosely capped bottles containing 
one two test blocks are incu- 
These are alternative ASTM 


The test blocks were the same 
those previously used. The soil sub- 
strate was, however, confined condi- 
tioner-treated Memphis silt loam with 
per cent moisture. The percentage 
weight loss and the moisture content 
the decayed blocks after the 90-day in- 
cubation period are shown Table 
Increasing the aeration rate using 
one test block instead two per bottle 
resulted corresponding increase 
weight loss 79, and per cent 
through decay Lentinus 
Lenzites trabea and Poria monticola, 
respectively. This finding seems in- 
dicate that the rate aeration (per 
unit mass test block) very im- 
portant variable under the conditions 
currently prescribed ASTM 
especially with two the three 
standard test fungi. 
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Discussion 


Davies (Koppers Co.): Your re- 
sults show higher moisture content 
for the blocks from the vented bottles, 
but you also stated that decay was 
greater the blocks from the capped 
bottles. Can you explain this? 


Dr. Sakornbut: The differences 
moisture content between the blocks 
from the vented bottles and the blocks 
from the capped bottles were more 
pronounced than were the differences 
amount decay between the two. The 
decayed blocks from the vented bottles 
had higher moisture content. Weight 
loss was higher, however, the de- 
cayed blocks from the capped bottles. 
Since moisture content not the only 
determining factor for decay, the two 
are not necessarily correlated. 

Mr. Davies: What was the initial 
moisture content the blocks? 

Dr. Sakornbut: They were condi- 
tioned according ASTM 
56T and should therefore about 
13.5 per cent. 

George (Osmose Wood 
Preserving Co.): What were the room 
conditions under which your tests were 
conducted 

Dr. Sakornbut: 
were accord with ASTM 
specifications. 

Charles Walters (University 
linois): you had used one more 
moisture content, you would have had 
perfect factorial design. stands, 
the results you obtained with two 
the species may 
interactions. 

Dr. Sakornbut: our conclusions, 
did not discuss the effects the 
various factors whole. However, 
the data will further analyzed for 
interactions. What are actually look- 
ing for this stage are the differences 
between the sets conditions studied. 
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Lengthwise Shrinkage Ponderosa Pine 
BENSON PAUL 


Forest Products Technologist, Forest Products 
Forest Service, Department Agriculture. 


Lengthwise shrinkage was measured second-growth ponderosa 
pine extremely rapid growth. Exceptionally high shrinkage was 
found primarily within area inches from the pith. 


Introduction 


HIGH longitudinal 
shrinkage during the drying 
softwood lumber often the cause 
much warping and degrade. This ex- 
cessive lengthwise shrinkage seems 
occur association with 
three different characteristics tree 
growth. 

One reason for warping the pres- 
ence cross grain, either spiral 
grain formed the growth the 
trees diagonal grain resulting from 
sawing lumber variance with pre- 
vailing grain direction the logs 
Another type wood that fre- 
quently shrinks excessively length- 
wise direction compression wood 
(3) from the underside leaning 
coniferous trees. The third source 
wood which very high lengthwise 
shrinkage recognized occurs the 
early years rapidly grown conifer- 
ous trees (1, 4), and usually con- 
fined several the widest growth 
rings near the pith throughout the 
leneth tree. the case com- 
pression the variable length 
wise shrinkage seems 
tional the size the anele formed 
cell wall fibrils and the lengthwise 
axis the wood fibers which they 
are part. similar large angle 
fibril orientation with respect wood 
fibers the young, wide-ringed wood 
appears responsible for high 
longitudinal shrinkage that part 
tree. 


Purpose 


The extremely rapid growth 
second-growth ponderosa pine the 
West Sierra area California sug- 
gested the need for investigation 
lengthwise shrinkage determine 
the behavior that type growth. 
The results could then compared 
with the results for ponderosa pine 
from other regions and with results 
similar studies otber species, 
such red pine, the southern pines, 


tion with the University Wisconsin. 


Numbers parenthesis refer to literature 
cited. 
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Douglas-fir, and certain pine hybrids. 

The material used was part 
sample collected the summer 
1953 cooperation with the Califor- 
nia Forest and Range Experiment Sta- 
tion, Berkeley, Calif., and the Plumas 
National Forest. The trees cut and 
sampled originated the vicinity 
Challenge, Calif. They were 
even-aged, 80-year stand growing 
Quality site. Areas representing 
three degrees stocking, well stocked, 
medium, and sparsely stocked, were 
sampled. Two dominant, two codomi- 
nant, and two intermediate trees 
average breast-high diameter for the 
respective crown class were chosen 
random sampling represent each 
the three areas. The sample trees were 
numbered one through 18, beginning 
with the fully stocked stand and end- 
ing with the sparse stocking. 


Samples 


Full round cross sections about 
feet length, which were cut 
approximate heights 36, and 
feet the trees, were the source 
specimens used. One tree lacked the 
80-foot section. The bolts were identi- 
fied original height the trees 
letters the alphabet correspond- 
ing successive 4-foot lengths 
the tree bole. The bottom section was 
marked the middle section and 
the 80-foot-high section suitable 
flitch about inches thickness and 
including the pith was cut from each 
bolt. 

portion each flitch, approxi- 
mately inches along the grain, was 
cut into specimens inch square 
section. Opposite radii the 
flitch were designated and and 
the individual specimens were num- 
bered consecutively from the pith 
each radius. 


Measurements 


The length the individual speci- 
mens was measured thousandths 
inch means special device 
tached. The specimens were measured 
when green, and were then allowed 


dry equilibrium moisture 
progressively relative humidities 
80° Finally they were dried 


Shrinkages were measured aft: 
equilibrium moisture content 
reached the and per 
relative humidity rooms. Shrinkage 
wood while drying usually progress 
quite evenly from the fiber saturati 
point (about per cent moisture 
tent) the moisture-free 
Thus per cent moisture 
about one-half the shrinkage may 
occurred, and per cent, abou 
three-fourths the total 
may have taken place. the longitu- 
dinal shrinkage the ponderosa 
the proportional amounts 
per cent moisture content were 
variable from the pith outward the 
trees. per cent average moisture 
content, sticks next the pith aver- 
aged per cent their total 
shrinkage, while inches and far- 
ther from the pith, shrinkages aver- 
aged only per cent the 
total. Again average 6.7 per 
cent moisture content the sticks next 
the pith, per cent the 
shrinkage had occurred, while 
inches outward and beyond, the aver- 
age shrinkage was only 
cent the total moisture-free 
condition. appears likely that such 
differences 
may related differences the 
angle cell wall fibrils the axis 
the fibers which they are 

Only the total shrinkage values 
the moisture-free specimens are pre- 
sented detail this report. 


Amr 


Analysis Results 


The data have been tabulated 
age from the pith outward for 
the three crown classes 
These data are presented 
which the average shrinkage 
three heights each the 


The Author: Benson Paul holds B.S. ind 
degrees from Cornell University. 
with the New York Department 
before joining the Forest Products 
tory 1922, and was chief the 
Relations division before was assimilated nto 
the division Timber Growth and 
Relations. 
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Table 1.—LONGITUDINAL SHRINKAGE* 


THE PITH, 
Tree No Bolt 1 
2, 7, 8, 13, 14 A—Average Shrinkage 0.979 
—Standard Deviation 
J —Average Shrinkage 375 
—Standard Deviation 171 
T—-Average Shrinkage 
—Standard Deviation -665 
_ 4,9, 10, 15, 16 A—Average Shrinkage .493 


—Standard Deviation .453 


J — Average Shrinkage .288 
Deviation 


Average Shrinkage 
Deviation 


6, 11, 12, 17, 18 A—Average Shrinkage 


—Standard Deviation ‘988 


J -—Average Shrinkage 275 
-Standard Deviation .122 


Shrinkage 
—Standard Deviation 


*Per cent of green dimension. 


classes trees and standard deviations 
shrinkage specimens taken 
intervals from the pith are 
shown. From Table may seen 
that the greatest average shrinkage and 
the highest variability indicated 
the standard deviation occurred mostly 
specimens within inches from 
the pith. 

Because general conformity 
the shrinkage pattern the three 
classes trees, data for all trees were 
combined each the three heights, 
and the average data, together with 
the corresponding average ring width, 
are illustrated bar chart Fig. 
this figure, the highest shrinkages 
and the widest growth rings are con- 
fined the specimens next the 
pith. The reduction longitudinal 
shrinkage occurred nearer the pith and 
within shorter time interval than re- 
duction ring width, which the 
average, decreased rather uniformly 
and steadily over considerable num- 
ber years. 


Exceptions 


Some exceptions the general pat- 
tern lengthwise shrinkage were ob- 
served individual trees parts 
trees, and they deserve special men- 
tion presence not 
indicated the average data. 


One such example tree No. 
which the and bolts had consider- 
ably higher shrinkage one radius 
than the opposite radius. 
case the bolt, longitudinal shrink- 
age specimens one side the pith 
shrunk average 0.321 per cent, 
and the opposite radius only 0.180 
per cent. Except for the two specimens 
next the pith, the average remain- 
specimens this second radius 

126 per cent. Again tree 
No. the J-bolt shrinkage one 
averaged 0.332 per cent and 


SECOND-GROWTH PONDEROSA PINE THREE HEIGHTS AND SUCCESSIVE INCHES FROM 
DOMINANT, CO-DOMINANT, AND INTERMEDIATE TREES 


Distance from pith—(Inches) 
DOMINANT TREES 
0.377 0.144 0.134 0.118 0.135 0.135 0.148 0.129 0.140 0.150 
.194 -132 .104 .097 .099 .063 .056 064 .016 
.088 .043 .065 .060 .109 120 
.283 . 108 .071 
TREES 
227 -227 .157 .143 .134 138 .159 
.204 .184 .062 058 056 039 057 052 
-125 .090 074 069 067 
INTERMEDIATE TREES 
.266 .235 .186 .191 .194 asset ' 
.070 . 036 .075 


the other 0.220 per cent. the 
bolt, shrinkages were relatively high 
for both radii, averaging 0.245 per 
cent one and 0.319 the other. 


ag 


RING WIDTH (INCH) 


LONGITUDINAL SHRINKAGE (PERCENT OF GREEN DIMENSION) 


SS 


ry PS 


| 


CS LONGITUDINAL SHRINKAGE 
RING WIDTH 


least part the high longitudinal 
shrinkage this tree could attrib- 
uted spiral grain, which was 
much 


inch inches the 


Fig. 1.—Average longitudinal shrinkage and ring width succes- 
sive inches from the pith, three heights second-growth ponderosa 


pine. 
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parts the tree with the highest 
shrinkage. 

Other exceptions the average pat- 
tern for longitudinal shrinkage appar- 
ently caused spiral grain were tree 
15, bolt and tree 17, portion 
bolt trees 13, bolt and 14, 
bolt compression wood was evident 
the cross sections, and may have 
caused higher lengthwist shrinkage. 
caused higher lengthwise shrinkage. 
high shrinkage are not prevalent 
sufficient numbers magnitude 
markedly influence the average results, 
they are important lumber produc- 
tion since they may cause warping 
high proportion tree log. 
Anderson (2) has reported the 
influence slope grain length- 
wise shrinkage, and Koehler (3) 
the effects compression wood. 


Discussion 


evident from the data that high 
longitudinal shrinkage during drying 
characteristic the wood the 
central portion second-growth pon- 
derosa pine trees rapid growth 
good quality site. The general pat- 
tern for variation 
shrinkage was sudden change nor- 
mal shrinkage within inches 
the pith. This central portion the 


trunk contained wood that showed, 
under microscopic examination, rela- 
tively large fibril angle the orienta- 
tion fibrils the longitudinal axis 
wood fibers. Since the large fibril 
angle present equal distances from 
the pith the several heights exam- 
ined the merchantable 
doubtless associated with growth 
the crown and large supply nutri- 
tive substances. This idea based 
upon differences density determined 
the proportions springwood and 
summerwood well fibril angle 
the upper and lower portions 
the same growth rings. 

general, ponderosa pine spe- 
cies inhabits regions relatively low 
growth that found this West 
Sierra area absent. From this and 
other data ponderosa pine (5), 
may concluded that longitudinal 
shrinkage due rapid initial growth 
the trees most importance 
areas and under conditions that favor 
very rapid diameter growth trees 
the early years. the present study, 
the change from high low fibril 
angle took place relatively short 
radial distance, most cases not more 
than inches, that high propor- 


tion the lumber was not affected 
excessive shrinkage. The poorer qual- 
ity material near the pith could 
segregated sawmilling practices. 

practical way separating such 
way that there minimum mixture 
fast growth and slow growth. This 
would involve taper sawing, which 
would help avoid mixtures 
ferent types wood the same 
lumber. The central part the 
any part log containing com- 
pression wood may channeled 
uses requiring only short lengths 
shrinkage along the grain would 
less harmful. 
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New Approach the Determination Fiber 
Saturation Point from Mechanical Tests 


FREDERICK WANGAARD 


Testing the same species shrinkage and mechanical meth- 
ods produces different fiber saturation points not accounted for 
variation material. There high degree correlation between 
average values and ratios air-dry green strength and stiff- 
ness. appears that this technique can applied determine 
the mechanical intersection point large number species. 


Introduction 


VER SINCE 1906, when Tiemann 

(10)* introduced the term con- 
nection with his early work strength- 
moisture relations, the fiber saturation 
point has been the subject numerous 
investigations. With increasing knowl- 
edge wood-moisture relationships, 


study was conducted part pro- 
gram research carried out the Yale School 
Forestry cooperation with the Office 
Naval Research, United States Department 
the Navy. Graduate students the School 
Forestry collected most the experimental data. 

Prof. Wangaard went leave absence 
June. He is serving as a consultant to the For- 
est Products Laboratory, College Laguna, Philip- 
pine Islands for six months. will 
begin six months of study under a Fulbright 
grant the United States Educational Founda- 
tion, Oslo, Norway. 

Cited the end this paper. 


410 


the concept fiber saturation point has 
acquired new and broader significance 
(2, 8). Today, fiber saturation point 
defined terms the theoretical 
condition wood when its cell walls 
are saturated with water and its cell 
cavities are completely devoid liquid 
water. 

Among the techniques that have 
been used for the determination fiber 
saturation point are methods based 
equilibrium moisture content, shrink- 
age, strength-moisture relations, heat 
wetting, centrifuging, adsorption-com- 
pression water, and electrical con- 
ductivity. The variety properties in- 
volved emphasizes the fundamental na- 
ture fiber saturation point for, 


Professor Lumbering, School Forestry, Yale University, New Haven, Conn.’ 


every instance, its determination 
based abrupt transition some 
characteristic this point. 
Stamm (7) has pointed out that these 
effects may attributed the abrupt 
and marked transition from the minute 
capillaries within which water 
strongly held the cell wall the 
much larger capillaries represented 
the cell cavities which water virtu- 
ally free. 

Not surprisingly, perhaps, the 
perimental determination such 
theoretical condition fiber 
sources error. Although the varic 
techniques usually yield results that 
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Table 1.—STRENGTH PROPERTIES STATIC BENDING VARIOUS MOISTURE CONTENTS 


Green Condition 


Modulus 


Species Specific 
Gravity 

Vol.) % p.s.i. 


Modulus 


Modulus Modulus 
M.C. Rupture, M.C. Rupture, M.C. Rupture, Elasticity, 


nnia (Swartzia 


1.17 22.2 22,400 
!-ak (Tectona 

| 0.55 | 55.8 9,480 
dwood (Sequoia 
\'ahogany (Swietenia 

0.51 63.3 9,150 
rpleheart (Peltogyne 

0.82 48.8 13,790 
nta Maria (Calophyl- 

red cedar 

Thuja 0.29 4,600 
Mora (Mora 

louglas fir (Pseudotsuga 

0.56 53.6 8,980 
Western hemlock 

(Tsuga heterophylla)... 0.40 | 82.8 6,550 
Quillo sisa (Vochysia 

| 0.62 | 98.4 8,160 
Banak (Virola 

surinamensis)......._.. 0.52 | 84.2 4,820 
Black walnut 

Juglans nigra) ____._- 0.59 81.4 7,760 
White oak 

(Quercus alba)_._.....__ 0.70 | 53.1 7,130 
Basswood (Tilia 


1000 p.s.i.} % p.8.i. 1000 p.s.i. % p.8.i. 1000 p.s.i. 
3,020 17.7 3,040 14.8 26,430 3,100 
1,030 10,790 1,170 11,800 1,170 

910 980 12.8 9,400 1,095 
1,150 1,180 13.8 12,150 1,320 

1,880 24.0 13,400 2,040 2,290 
1,680 20.7 10,450 1,810 1,960 
1,460 1,500 16.8 11,425 1,690 
1,290 22.8 6,630 1,470 17.0 8,420 1,660 
1,320 20.4 10,260 1,510 1,610 

935 1,150 14.6 12,100 1,290 
1,150 21.0 5,740 1,260 1,335 


M.C. Rupture, M.C. Rupture, Elasticity, 

% p.s.i. 1000 p.s.i.| % p.8.i. 1000 p.s.i. 
1,110 5.6 11,600 1,200 
10.4 7,500 920 5.5 8,930 1,060 
2,490 25,020 2,740 
11.6 10,170 1,360 1,670 
11.2 13,510 1,790 7.6 17,050 1,960 
10.1 11,020 1,750 6.2 11,960 1,830 
11.9 14,080 1,410 6.5 14,750 1,430 


within area agreement few 
per cent, greater differences are found 
occasionally. Recognizing that these 
differences between methods are too 
consistent considered chance vari- 
ation, the term intersection point (3, 
14) has come into use denote the 
apparent fiber saturation point deter- 
mined specific technique. this 
paper, the terms are 
changeably, not suggest that the 
qualifying term descriptive experi- 
mental method not significant, but 
rather imply that, whatever may 
the method determination, there can 
only one true fiber saturation point 
for given material. The various ex- 
perimental methods permit only 
approximate determination the true 
fiber saturation point. 


reporting the results study 
the properties tropical woods 
1951 (11), was noted that, gen- 
eral rule, tropical 
greater strength the green condition, 
lower ratio air-dry green 
strength, and less green oven-dry 
shrinkage than did typical domestic 
woods comparable density. The hy- 
pothesis was offered that 
lower fiber saturation point than the 
majority domestic and 
further that “the greater improvement 
(in strength) domestic woods 
drying per cent moisture content 
may explained the larger propor- 
tion cell wall moisture lost these 
woods.” The somewhat preliminary 
that suggested this statement were 
substantiated the accumulation 
additional data (12, 13), but 
this evidence, that some tropical 


woods exhibited relatively high fiber 
saturation point characteristics, just 
few domestic woods indicated low 
fiber saturation point. was concluded 
that studies involving direct 
determination fiber saturation point 
will necessary confirm this 
hypothesis” (11). 
Purpose and Scope 

The present work was undertaken 
erties tropical and domestic woods. 
Its specific purpose determine the 
fiber saturation point number 
tropical and domestic woods 
furthermore, test the foregoing hy- 
pothesis determining what relation- 
ship may exist between fiber saturation 
point and ratios air-dry green 
strength properties. the hypothesis 
correct, correlation should exist be- 
tween fiber saturation point and the 
ratio air-dry green strength prop- 
erties. Both domestic 
woods were included for the purpose 
securing wide diversity proper- 
ties and wood structure, thereby broad- 
ening the spectrum woody material 
available for study. 

Strength and shrinkage test methods 
were used for the determination fi- 
ber saturation point each species 
permit direct comparison independ- 
ent methods determining fiber satu- 
ration point well for the possi- 
bility inter-relating the results ob- 
tain better experimental estimate 
this point. Data from the mechanical 
tests also served provide the neces- 
sary information relative ratios 
air-dry green strength properties. 


Experimental Procedure 


Fifteen species tropical and do- 
mestic woods provided the material 
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used this study. shown Table 
species representation ranged from 
western red cedar (Thuja plicata) with 
specific gravity 0.29 bannia 
(Swartzia bannia) with specific 
gravity Each species was repre- 
sented five heartwood sticks, 
straight-grained (except those spe- 
cies normally characterized 
locked grain) and free from defect. For 
six species, the material used was 
the original green condition; the other 


samples were taken from previously 
air-dried stock. 


Each these sticks yielded 
specimens and, end- 
matched with them, four shrinkage 
specimens (two radial and two tangen- 
tial). Thus, for each species, static- 
bending specimens, ten radial shrink- 
age, and ten tangential shrinkage speci- 
mens were prepared. Bending speci- 
mens were conditioned rough di- 
mensions before machining final di- 
mensions 0.57 0.57 inches 
for testing. Shrinkage specimens were 
inch, with the greater di- 
mension the direction measured 
shrinkage. The dimension 
along the grain was selected facili- 
tate drying and minimize moisture 
content gradients during drying. 


Static-bending Test: 
the method used determine the fiber 
saturation point these tests was that 
outlined Wilson (14). this 
method, strength species deter- 
mined the green (or fully swollen) 
condition and several moisture con- 
tents the hygroscopic range. The in- 
tersection the straight 
passes through the points representing 
logarithm strength property plotted 
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against moisture content with the hori- 
zontal line representing logarithm 
strength the green condition the 
experimental fiber saturation point 
more specifically, the intersection point 


The static-bending specimens were 
closely matched minimize differences 
between specimens from given stick 
The small size the specimen was se- 
lected for two reasons: ease match- 
ing with each other and with the 
shrinkage specimens, and facilitate 
uniform conditioning various mois- 
ture contents. Non-uniformity mois- 
ture content distribution has been rec- 
ognized other workers (10, 14) 
the cause test variation. This variable 
was held minimum this study. 


The six matched static-bending speci- 
mens from each stick were first ma- 
chined rough dimensions. Two 
these were tested the green 
condition and the remaining four 
various moisture contents below the fi- 
ber saturation point equilibrium with 
four levels relative humidity, ap- 
proximately 90, 80, 60, and per 
cent. These relative humidities roughly 
correspond moisture contents 
white spruce 20, 15, 10, and per 
cent, respectively. 

All specimens tested the fully 
swollen state were conditioned under 
alternating vacuum and pressure 
autoclave assure moisture content 
above the fiber saturation point before 
final machining and testing. 

The specimens tested speci- 
fied moisture contents were conditioned 
temperatures below 110° hu- 
midity cabinet. When they had reached 
the proper moisture content, the small 
beams were machined final dimen- 
sions. They were then coated with 
resin sealing compound and placed 
desiccator jars over salt solutions that 
maintained the particular moisture con- 
tent desired. The specimens were re- 
moved from the controlled humidity at- 
mosphere and placed immediately 
the testing machine. this way, mois- 
ture content change prior and dur- 
ing testing was negligible. During 
test period minutes, the weight 
loss individual beam amounted 
only 0.05 0.07 per cent. 

Testing was done Baldwin- 
Southwark hydraulic testing machine. 
Tests were carried out over 240- 
pound loading range with 0.2-pound 
sensitivity, and 1200-pound range 
with sensitivity 1.0 pound. The 
beams were loaded over 
span, and the load was applied 
radial face through 
bearing head. Machine speed was 0.028 
inch per minute. Values for modulus 
rupture, modulus elasticity, mois- 
ture content, and specific gravity were 
determined for each beam. For each 
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Fig. 1.—Typical semilogarithmic plotting mechanical test values vs. moisture 
The intersection point the sloping and horizontal lines each case the fiber saturatio: 
moisture content determined directly mechanical test. 


species, logarithms average values 
modulus rupture and modulus 
elasticity, determined each mois- 
ture level, were plotted against mois- 
ture content determine fiber satura- 
tion point. 

Shrinkage Test: The use shrink- 
age specimens for the determination 
fiber saturation point based, prin- 
ciple, the repeated measurement 
the external dimensions specimen 
during the course its drying the 
fully swollen condition. Plotting the 
usual linear pattern shrinkage against 
moisture content and extrapolating this 
line zero shrinkage the basis for 
determination fiber saturation point 
—or intersection point 
reported several investigators (1, 
was characterized the wafer type 
specimen employed, and differed from 
most previous studies that all speci- 
mens were essentially equilibrium 
with the surrounding atmosphere, and 
hence free moisture gradients, the 
time dimensional measurement and 
weighing. 

Shrinkage specimens were cut from 
wood the green condition from 
stock. the latter case, the 
specimens were conditioned the fully 
swollen state placing them between 
moist blotters and storing them over 
free water surface glass desiccator 
jars. per cent solution formalde- 
hyde was. used moisten the blotters 
order prevent decay. 

comparator equipped with dial 
gage was used measure the shrink- 
age specimens. Accuracy these meas- 
urements was 0.05 per cent. spe- 
cial jig was used hold the specimens 


flat while they were being measured 
eliminate any effect specimen de- 
formation. Weighing was done 
quick-reading analytical balance (Sar 
torius Projecta) with accuracy 
0.0001 gram. Specimens were kept 
polyethylene bags whenever they were 
out the desiccator jars and not being 
actually measured weighed. 

After the specimens had been ini- 
tially measured and weighed, they were 
placed desiccator jars over saturated 
salt solutions that provided six levels 
relative humidity the approximate 
range per cent. The desic- 
cator jars were housed temperature- 
controlled cabinet 90° 2°. The 
specimens were allowed attain equi- 
librium over each solution, matter 
two three weeks, before being moved 
over the solution that governed the 
next lower relative humidity. each 
stage equilibrium, they were weighed 
and measured, replaced over the solu- 
tion, and reweighed 
after 48-hour interval. This was done 
assure equilibrium. Following final 
measurement weight and dimension 
phorous pentoxide, the specimens 
weights and dimensions were 
taken. Oven-dry weight was used 
convert weight data moisture 
tent basis. 


=} 


Results 


Mechanical Tests: Results 
chanical tests are given Table 
Shown the table are average 
for each species based ten 
tested the green condition and 
specimens each the other moist 
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linear relationship between shrinkage and moisture content. 


Experi- 


mental data are plotted the curves for tangential and radial shrinkage. early stage 
drying, tangential shrinkage specimens had acquired compression set indicated 
and radial specimens amount set indicated shrinkage lines are 
offset these amounts from the original shrinkage lines, and fiber saturation points were de- 
termined from the intersection the shrinkage lines with the moisture content 


axis. 


levels. Modulus rupture and modu- 
lus elasticity values for each species 
were converted logarithms and plot- 
ted against moisture content shown 
typically for purple-heart Fig. 
Straight lines were statistically fitted 


Table EQUATIONS 


Log. Modulus 
of Elasticity 
(x =M.C.%) 


Log. Modulus 
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these data, and resulted the regres- 
sion equations given Table For 
each curve, the intersection point with 
the horizontal line representing the 
green property was determined from 
the regression equation. 

Intersection points, which represent 
experimental values for fiber saturation 
point determined from mechanical 
test, are given for each species Table 
col. Considering the relatively 


rather close agreement shown be- 
tween results based modulus rup- 
ture and modulus elasticity. only 
few species did these independently 
determined intersection points differ 
much per cent. Since there 
basis for assuming that these differences 
represent anything but experimental 
their average was taken the 
directly determined experimental inter- 


section point for this phase the 
study. Species average values ranged 
from low 19.9 per cent for ban- 
nia 33.7 per cent for banak. The 
better known domestic redwood 21.5 
per cent and white oak 33.5 per cent 
were nearly far apart. This wide 
range intersection point forcefully 
illustrates the fallacy the common 
assumption that strength begins in- 
crease per cent moisture content, 
regardless species, and serves 
emphasize the need for specific infor- 
mation this point for individual 
species. 

was not the objective this 
study, however, determine signifi- 
cant species average values for inter- 
section point this method, but 
rather correlate the values obtained 
various methods the same mate- 
rial sample. 


Shrinkage Tests: Shrinkage data 
for each species were plotted over 
moisture content shown the graph 
for white oak (Fig. 2). With the fre- 
quent exception the first point plot- 
ted the drying curve (the shrinkage 
when the material was equilibrium 
approximately per cent relative 
humidity), the points representing the 
average shrinkage ten specimens 
each moisture level lay 
cisely straight line that required 
mathematical fitting. shown 
the data for tangential shrinkage, Fig. 
deviations from the straight line also 
occurred frequently the oven-dry 
condition well over the desiccant 
phosphorus pentoxide per cent 
moisture content). These aberrant 
points were ignored fitting straight 
line the data. 

Results the graphic determination 
shrinkage intersection point are pre- 
sented Table (col. 2). Intersection 
points were determined independently 
for radial and tangential shrinkage 
(cols. and 2b). reported 
previous workers (3, 14), the 
tangential intersection point was 
nearly every case greater than that de- 


Table 3.—FIBER SATURATION POINT (INTERSECTION POINT) DETERMINED VARIOUS STRENGTH AND SHRINKAGE TECHNIQUES 


Col. 3 Col. 4 

(a) (b) 
Intersection point 

(“Stress-free” shrinkage) 


(c) 
of mechanical 


Col. 1 Col. 2 . 
(a) (b) (ec) (a) (b) 
Intersection point Intersection point 
(Mechanical test) (Shrinkage test) 

M.R Av. Rad. 
Bannia 21.5 19.9 21.0 
20.4 22.6 21.5 
22.9 20.8 21.8 21.5 22.5 
Weetern red cedar_| 24.2 25.0 24.6 25.5 26.0 
Western hemlock__| 24.6 23.4 24.0 24.3 28.6 
Quillo siga_.......] 27.0 25.8 26.4 26.3 29.0 
Black 26.4. 26.4 26.4 
27.9 27.1 30.7 38.0 


Av. Rad. ‘Tang. Av. (See Fig. 3) 
20.4 18.2 19.8 19.0 
21.0 21.0 20.8 20.9 4 
21.0 20.9 21.1 21.0 6 
22.0 20.5 21.9 21.2 2.1 
23.0 20.3 22.0 21.1 Pr 
25.8 23.8 24.5 24.2 9 
25.8 25.5 26.0 25.8 0 
26.8 22.7 26.1 24.4 =» 
27.2 26.0 27.2 26.6 8 
26.5 23.8 27.2 25.5 8 
27.6 24.5 28.7 26.6 8 
28.2 24.5 30.5 27.5 si 
32.2 23.8 30.7 27.2 8.2 
31.2 23.6 31.4 27.5 8.7 
34.4 25.6 36.0 30.8 38 


(c) Regressionestimate Average inter- 
section point 


Col. 6 Col. 7 


_ Intersection point 
estimated from regression 
(See Figs. 4 and 5) 


air-dry (12°7) 
Ratio ———— 
green 

mechanical property 


intersection 


Mod. of — Mod. of 


(Col. leffl Rup- Elas- 

Col. 4)W2 Rupture Elasticity ture ticity Av. 
20.3 1.27 1.09 21.2 20.3 
21.9 1.35 1.22 23.1 24.2 
21.6 1.32 1.19 21.8 23.2 
22.0 1.37 1.20 22.3 23.6 
21.5 1.46 1.19 23.3 23.2 
23.4 1.34 1.22 21.9 24.2 
24.8 1.55 1.25 24.4 25.2 
25.6 1.54 1.32 24.3 27.8 
25.6 1.67 1.20 25.9 23.6 
24.9 1.63 1.21 25.4 23.9 
26.6 1.70 1.24 26.3 24.9 
30.9 2.07 1.33 31.6 28.2 
27.3 1.95 1.32 29.8 27.8 
31.1 1.84 1.43 28.2 32.3 
29.5 1.92 1.23 29.3 24.6 
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termined from radial specimens. How- 
ever, differences were not consistent. 
species, shrinkage intersection 
points ranged from bannia (19.9 per 
cent, radial; 21.0 per cent, tangential 
basswood (30.7 per cent, radial; 
38.0 per cent, tangential). 


Most previous investigators have in- 
departures from straight-line 
shrinkage that occurs early drying 
false values that denote moisture 
gradient condition while portion 
the specimen still remained above fiber 
saturation point. Although Stevens (9) 
has similar deviations from 
linear shrinkage thin 
beech specimens under very gradual 
drying conditions, such values have 
been generally ignored determining 
intersection points. Since shrinkage val- 
ues were not recorded this study un- 
til the specimen had reached its equi- 
librium moisture content particular 
relative humidity, did not seem 
reasonable accept this explanation. 


Rather, appeared likely that the 
specimen had, this early stage 
drying, taken amount com- 
pression set equivalent the amount 
which its apparent shrinkage ex- 
ceeded the straight line that had been 
extrapolated zero shrinkage de- 
termining intersection points. Presuma- 
bly, this amount set would not 
recovered during later stages dry- 
ing. Stamm and Loughborough (8) 
imply similar interpretation shrink- 
age data discussing curve obtained 
the case southern swamp-grown 
red oak. 

Under this interpretation, the true 
tangential shrinkage curve 
under the conditions the present 
study must lie below the experimental 


AV. INTERSECTION POINT, MECHANICAL TESTS (COL.IC) 


INTERSECTION POINT, TANGENTIAL SHRINKAGE 


(COL. 38) 


Fig. between intersection points determined 
from mechanical test and tangential shrinkage. The cor- 
relation coefficient 0.785. reading the ordinate from the regres- 
sion line for each plotted value the abscissa, regression estimate 
mechonical intersection point (Table col. was obtained. 
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curve the amount and 
radial shrinkage the amount 
intersection points determined this 
way are given Table col. This 
procedure may similar 
cance the reconditioning treatment 
shrinkage specimens reported 
Greenhill (1) and Kelsey (3). 
interesting note that most the 
softwoods showed evidence com- 
pression set, and that consequently the 
intersection point normally deter- 
mined also represented the 
free” shrinkage intersection point. This 
all probability the result using 
test specimens with thickness approxi- 
mately equal one softwood fiber 
length. Moisture and stress gradients 
were thereby minimized. 


shrinkage intersection 
points continue show substantial dif- 
ferences between radial and tangential 
test data with the tangential intersec- 
tion point being almost invariably 
higher. The basic concept fiber satu- 
ration point the moisture content 
which the cell wall fully saturated 
does not permit two levels fiber 
saturation point the walls the 
same cell. From this point view, 
the tangential shrinkage 
intersection point, which occurs the 
higher level, more nearly represents the 
level which removal moisture 
from the saturated cell wall begins. 


Correlation Results 


Examination values for intersec- 
tion point based mechanical test 
(Table col. 1c) and 
tangential shrinkage (Table col. 3b) 
reveals several inconsistencies. The cor- 
relation between these two variables 


shown graphically Fig. The corre- 
that the regression accounts for 61.7 
per cent the total variation me- 
chanical intersection point. The rela- 
tionship very poorly defined values 
the intersection point above per 
cent. This probably the result ex- 
perimental error dealing with rela- 
tively few specimens individual 
species. 

Nevertheless, the existence sig- 
nificant correlation 
variables provided basis for im- 
proved estimate mechanical inter- 
section point (Table col. 4), which 
was read from the regression line (Fig. 
for each species. For example, 
the case Santa Maria, with 
tangential shrinkage intersection 
point 24.5 per cent, the regression 
estimate the mechanical intersection 
point 23.9 per cent. should 
clear from this procedure that esti- 
mate mechanical intersection point. 
derived this manner, unduly in- 
fluenced shrinkage intersection point 
values. Because the dispersion about 
the regression line Fig. was 
that the regression estimate 
was subject independent sources 
experimental error possibly great 
those recognized the unadjusted me- 
chanical data themselves. 

Consequently, one further step was 
taken seeking the most probable 
value for mechanical intersection point. 
This consisted the simple averaging 
the original data for 
intersection point (Table col. 
with the regression estimate (Table 
col. 4). The resulting average intersec- 
tion point for each species shown 
Table col. These values represent 
adjustments only few tenths one 
per cent, most instances, from the 
original average mechanical test values, 
although the case banak the ad- 
justment amounted 2.8 per cent. 
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Fig. 4.—Correlation between average intersection point (Table 
col. and ratio air-dry green modulus rupture. The corre 
tion coefficient 0.9332 and per cent confidence limits are 
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Fig. 5.—Correlation between average intersection point (Table 
col. and ratio air-dry green modulus elasticity. The correla- 
tion coefficient 0.8036, and per cent confidence limits are 


per cent. 


stated previously, one the rea- 
sons for earlier suggestions (11, 12) 
that tropical woods may character- 
ized general lower fiber satura- 
tion points than are characteristic 
the majority domestic woods lay 
the typically lower ratios air-dry 
green strength properties shown the 
tropical woods. survey tropi- 
cal American woods published 1952 
(13), the average ratio air-dry 
green modulus rupture values was 
shown 1.44, compared with 1.59 
for domestic hardwoods. modulus 
elasticity, the comparable ratios were 
1.16 and 1.31. 

The data the present study afford 
opportunity test this hypothesis. 
For each species, the modulus rup- 
ture and modulus elasticity 
per cent moisture were calculated from 
the regression equations Table 
The ratio each calculated air-dry 
value its respective value the satu- 
rated condition was computed shown 

Correlating the logarithm average 
intersection point (Table col. 
with modulus rupture ratios air dry 
green yielded the regression shown 
Fig. The correlation very good. 
The regression equation 1.0528 
the intersection point and the mois- 
ture content per cent, has correla- 
tion coefficient 0.9332, which indi- 
cates that the regression accounts for 
87.1 per cent the total variation 
shown among these species aver- 
intersection point. Confidence lim- 
the per cent probability level 
approximately per cent mois- 
content the intersection point. 

Results analogous treatment in- 
point data with modulus 

ratios are shown Fig. 
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AV. INTERGECTION POINT (COL. 3) 


Fig. 6.—Correlation between intersection point values calculated 


from the regression lines Figs. and with average experimental 
values (Table col. 5). The correlation coefficient 0.9679 and 
per cent confidence limits are 1.45 per cent. 


The regression equation 0.6600 
0.5937x, with correlation 
cient 0.8036, which accounts for 
64.6 per cent the total variation 
intersection point. Confidence limits 
about this regression line amount 
per cent. evident that the 
modulus elasticity relationship not 
well defined that shown for 
modulus rupture. 

With ratios air-dry green 
mechanical properties independent 
variables, the regressions Figs. 
and lead the calculated intersection 
points shown Table col. These 
independently calculated values have 
been averaged shown the table. 

comparison these average cal- 
culated values with the average values 
Table col. indicates good 
agreement over the entire range in- 
tersection point values from approxi- 
mately per cent. Fig. was 
prepared facilitate comparison. Us- 
ing the experimentally determined in- 
tersection point (Table col. 
independent variable and correlat- 
ing with the average calculated inter- 
section point (Table col. leads 
the regression equation 5.80 
0.770x. The correlation coefficient 
0.9679 indicates that 93.7 per cent 
the total variation calculated inter- 
section point accounted for. Confi- 
dence limits the per cent level are 
1.45 per cent. evident that the 
mechanical intersection point can de- 
termined with relatively close precision 
through the combined relationships 
shown Figs. and 


Conclusions 


Although, theory, the determina- 
tion fiber saturation point various 
methods should yield 
sults, present evidence shows that this 
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not the case. For most the spe- 
cies tested, the intersection point deter- 
mined shrinkage methods was 
higher than that determined from me- 
chanical testing. The difference between 
the two methods was generally less 
when shrinkage tech- 
nique was used. clear explanation 
available account for these differ- 
ences. The close matching mechani- 
cal and shrinkage test specimens, how- 
ever, would appear rule out the pos- 
sibility that differences can 
counted for variation material. 

The best estimate mechanical in- 
tersection point for the test material 
studied judged the average in- 
tersection point shown Table col. 
This average value was determined 
for each species averaging the re- 
gression estimate (Table col. 
with the actual experimental value 
(Table col. 1c). 

Whether not these values are 
typical and representative these spe- 
cies not established here. was not 
the purpose this paper so. 
Their significance lies the high de- 
gree correlation shown between 
these values and ratios air-dry 
green strength and stiffness for the 
same material shown Figs. and 
The high correlation coefficient for 
the regression Fig. which esti- 
mated intersection point values are 
plotted against average values for ex- 
perimental intersection point, together 
with the narrow confidence band defin- 
ing this relationship, clearly points 
the utility determining reliable in- 
tersection points from ratios air-dry 
(12 per cent) green strength values. 

Since extensive data air-dry and 
green strength for many species have 
already been accumulated, 
bility applying this technique the 
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large number species, both temper- 
ate and tropical, suggested. 
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Swelling Springwood and Summerwood 


Softwood 
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Movement the bands springwood and summerwood sur- 
faces and grain raising during swelling and shrinking softwoods 
were measured quantitatively and found unrelated the cracking 
and disintegration house paints they wear out. Coatings crack 
from their own internal stresses they become embrittled weather- 
ing and lose their initial specific adhesion for wood. Ultimately, flak- 
ing occurs first over wide summerwood bands because mechanical 
adhesion weaker the small cavities summerwood than the 


larger cavities springwood. 


EVERYONE 
wood swells and shrinks when 
changes moisture content. often 
assumed, therefore, that movement 
wood surfaces under coatings paint 
varnish primarily responsible for 
the fractures that often develop 
coatings they grow old (1, 
Knowledge the extent movement 
wood surfaces needed test the 
validity the assumption and de- 
sign coatings that can follow the wood 
without disruption. The concern not 
much with the overall swelling 
pieces wood customary size, for 
which there are ample data (13, pages 
315-318), with the swelling 
small segments the surface such 
heterogeneous material wood. Both 
movement the plane the surface 
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and movement normal the plane 
the surface are interest. 


less widely appreciated that or- 
ganic coatings absorb water and swell, 
sometimes much more than wood (4, 
2), and that moist coatings are usu- 
ally more deformable than are dry 
coatings (8). Account must therefore 
taken changes the coatings 
well changes the wood before 
full understanding can gained 
the effect movement the wood 
the integrity and adhesion coatings. 
This paper, however, deals only with 
wood swelling. 

Wood technologists usually think 
terms shrinking during drying, be- 
cause they begin with wood the liv- 
ing tree, where always the swol- 
len condition. Coating technologists, 
the other hand, think terms swell- 
ing because they take dry lumber 
their starting point for application 
coatings. 

According the Forest Products 
Wood Handbook (13, 
pages 315-318), average boards 
southern yellow pine Douglas-fir, 
when drying from the green condition 
per cent moisture content, shrink 
from 3.5 4.5 per cent radially and 


from 5.9 6.2 per cent tangentially, 
boards western redcedar shrink 1.9 
per cent radially and 4.0 per cent tan- 
gentially, and boards redwood 
shrink 2.1 per cent radially and 3.5 
per cent tangentially. For swelling, 
when the percentages are based dry 
rather than green dimensions, the fig- 
ures become 3.6 4.7 per cent for 
edge-grain and 6.3 6.6 for 
flat-grain yellow pine Douglas-fir, 
1.9 for edge-grain and 4.2 for flat- 
grain redcedar, and 2.1 for edge-grain 
and 3.6 for flat-grain redwood. 


The overall swelling distributed 
unequally among the bands spring- 
wood and summerwood. Springwood, 
which consists thin-walled cells with 
large cavities, tends swell less than 
summerwood, which 
cells with small cavities. But long 
the two remain firmly attached 
piece wood, neither free swell 
would the bands were un- 
attached. the tangential direction, 
springwood and summerwood 
swell nearly equally they would 
apart. the radial direction, each can 
swell freely except restrained 
tangential swelling. The weaker spring 
wood may expected yield 
than the stronger summerwood off 
set unequal swelling. 


The effect the constraint impose: 
their mutual attachment 
swelling bands springwood 
summerwood the tangential and 
dial directions shown Table 
Some the data were reported 
Pentoney (12), and some were ob- 
tained described this report unde 
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Table 1.—SWELLING BANDS SPRINGWOOD AND SUMMERWOOD WHEN FREE 
FROM ONE ANOTHER AND WHEN ATTACHED PIECE WOOD 


Kind wood 


Tangential swelling 


Radial swelling 


and observer 


Test condition Springwood Summerwood Springwood 


Summerwood 

Per cent Per cent Per cent Per cent 
Attached bands 7.60+ .71 8.14+ .60 
ouglas-fir Free bands .14 .66 12.31+ .98 
Attached bands .21 .17 .14 .32 

vuthern yellow pine 

(Browne) Free bands 6.41+ .11 7.383= .15 13.00+ .89 


Attached bands 4.52+ 


-09 4.74+ .11 .14 9.09+ .57 


*Pentoney measured transverse sections from a single annual growth ring, the longitudinal dimension 


which was about one-third fiber length. 


+Browne measured the attached bands in blocks of wood 5% inches in longitudinal dimension and the 
bands cuttings least fiber lengths along the grain. 


the heading, Raised 

The same bands springwood and 
were measured when 
and when after spring- 
wood and summerwood were cut apart. 
long the bands remained at- 
tached, summerwood swelled 
more than springwood the tangential 
direction but very much more the 
radial direction. When the bands were 
free, the summerwood swelled tangen- 
tially from per cent more 
than springwood for Douglas-fir and 
nearly per cent more than spring- 
wood for southern yellow 
dially, summerwood swelled six times 
much springwood for Douglas- 
fir and three times much for south- 
ern yellow pine. Erickson (9) thought 
that finding that summer- 
wood swelled more radially than tan- 
gentially was anomalous, but con- 
firmed the new measurements 
this work and seems true 
southern yellow pine also. Attached 
bands springwood always swelled 
much less radially than tangentially. 
Free bands springwood Douglas- 
fir swelled less radially than tangen- 
tially, but southern yellow pine the 
radial swelling was somewhat greater 
than the tangential swelling. 

Erickson showed how shrinking and 
swelling vary within band spring- 
wood and summerwood. Douglas- 
fir and western redcedar, found that 
tangential swelling detached sections 
from 0.15 0.5 millimeter thick was 
always least for the earliest section 
the springwood annual growth 
increased steadily for each suc- 
cessive section without any break the 
transition from springwood summer- 
wood the same growth, 
reached maximum point within 
the summerwood, and then either 
leveled off decreased slightly for the 
swelling was usually less 
than per cent the earliest spring- 
wood. The maximum swelling was 
per cent for Douglas-fir and 
per cent for redcedar. Erickson 
‘nowed further that, the attached 

inds wood, the tangential 


the last two-thirds annual 
growth ring followed the pattern re- 
vealed his study detached sec- 
tions, but the first one-third the ring 
was forced swell more than did 
when free maintain contact with the 
high-swelling summerwood the 
previous year’s growth. 

The curve swelling versus dis- 
tance through annual ring may 
sometimes more complicated than 
Erickson found. For example, some 
southern yellow pine often contains so- 
called zonate bands summerwood 
which the later may con- 
tain one more zones reversion 
cells thinner walls and larger cavi- 
ties that seem trend back toward 
springwood. Such zonate rings might 
expected show corresponding 
fluctuations swelling. 

Haslam and Werthan (10) meas- 
ured the swelling springwood and 
summerwood the plane surfaces 
behavior paint coatings. They re- 
ported results for flat-grain and edge- 


grain surfaces southern yellow pine. 
Band widths were measured with 
traveling microscope and also meas- 
urement photographs taken before 
and after the wood specimens were 
soaked water. edge-grain sur- 
face that swelled 4.6 per cent overall, 
summerwood bands appeared swell 
from 4.4 12.5 per cent, with 
average 9.4 per cent, whereas spring- 
wood bands appeared shrink from 
1.7 8.2 per cent, with average 
4.1 per cent. flat-grain surface that 
swelled 8.83 per cent overall, summer- 
wood bands appeared swell 8.0 
19.8 per cent, with average 12.2 
per cent, whereas eight out ten 
springwood bands appeared shrink 
2.1 6.8 per cent, and the other two 
springwood bands swelled 3.2 and 5.7 
per cent, that the average apparent 
shrinkage the springwood bands was 
1.96 per cent. Haslam and Werthan, 
however, were deceived optical 
illusion wet wood. 


Optical Illusion Wet Wood 


Fig. demonstrates that summer- 
wood bands appear wider and spring- 
wood bands narrower when wood 
wet than when dry, quite apart 
from any change dimensions the 
bands caused swelling. dry 
piece southern yellow pine, the edges 
the summerwood bands, where they 
met the springwood, were carefully 
marked with fast-drying white en- 
amel applied with ordinary writing 
pen. the edges the summerwood 
bands the surface moved for any 
reason, they necessarily carried the 
white lines with them. The specimen 
was then submerged water overnight. 


| 


4 


Fig. 1.—Specimen southern yellow pine which the true junctions springwood 
with summerwood were marked with white enamel. When wet shown left, summerwood 
appears extend beyond the white lines. After redrying (right) summerwood appears 


beyond the lines white enamel. 
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The left hand photograph Fig. was 
taken the next morning when the bands 
summerwood appeared extend 
well beyond the white lines. Next, the 
specimen was allowed dry for eight 
hours and the photograph shown the 
right was taken. The summerwood 
then visible the partly dried surface 
longer beyond the white 
lines. There was relatively little change 
dimensions the specimen during 
the experiment because the times 
immersion and subsequent drying 
were too short alter greatly the mois- 
ture content the wood the central 
part the specimen, which was 9/16 
inch thick. 

The optical illusion arose from loss 
opacity the springwood border- 
ing the summerwood near the sur- 
face the specimen when the air 
the large cavities the thin-walled 
springwood cells was displaced wa- 
ter. Parts the summerwood con- 
cealed beneath thin layers spring- 
wood long the wood was dry thus 
became visible when the wood was wet. 
The illusion analogous the appar- 
ent fading tinted house when 
weathering renders the surface layer 
paint porous destroying the oil 
the interstices between 
ticles; the paint then appears faded 
when dry but returns nearly its origi- 
nal color when wet with rain. 

The seriousness the errors 
measurement band swelling that 
arise the optical illusion neglected 
illustrated the data Table 
The edges band summerwood 
flat-grain surface each five speci- 
mens southern yellow pine and five 
western redcedar were carefully 
marked with black drawing ink, and 
the borderlines were connected 
datum line right angles them. Pre- 
cise points for measurement band 
widths were thus established that could 
recognized clearly for remeasure- 
ment after the specimens had been im- 
mersed water until completely swol- 
len. Measurements wet wood were 
made both between the marked points 


Table 2.—APPARENT SWELLING AND TRUE SWELLING BANDS 
SUMMERWOOD WHEN IMMERSED WATER 


Apparent 
swelling 
Summer- True (between 
wood swelling apparent 
band Description (between edges of 
number Kind of wood of w ink marks) band) 
Per cent Per cent 
1 Southern yellow pine __ _Flat grain, bark side 3.62 10.36 
Southern yellow grain, bark side 3.86 5.80 
yellow pine_____Flat grain, pith side 5.12 12.10 
4 Southern yellow pine_____ Edge grain 6.39 8.40 
Western grain, bark side 7.53 37.7 
Flat grain, bark side 2.67 5.14 
grain, pith side 4.33 4.60 
9 Western redcedar____ ___Flat grain, pith side 5.03 23.1 
10 Western redcedar___._ __ Edge grain 4.94 17.8 


and between the apparent edges the 
bands. Table shows that the addi- 
tional summerwood rendered visible 
loss opacity overlying springwood 
may often exceed, and may even ex- 
ceed twice, the true swelling sum- 
merwood band. Since the illusory swell- 
ing summerwood gained ap- 
parent loss springwood, easily 
seen how Haslam and Werthan 
reached the mistaken conclusion that 
bands shrink while wood 
swells. 

For marking band edges and datum 
lines surfaces bare wood, 
necessary either use marking mate- 
rial that has little tendency run along 
the grain the wood, else seal 
the wood first with transparent wood 
sealer. The sealing procedure was con- 
sidered undesirable for this work. 
Some fast-drying enamels have suffi- 
cient “‘controlled penetration” make 
sharp lines unsealed wood. For most 
the tests described subsequently, 
however, draftsmen’s black drawing ink 
thickened addition methyl cellu- 
lose was used. was usually 
with draftmen’s pen guided 
straight edge. 


Swelling the Plane Surfaces 
Immersed Water 


Specimens southern yellow pine, 
Douglas-fir, and redwood, each 9/16 
inches, were prepared. For 
each wood, there were three unmatched 
specimens, one with edge-grain, one 


with flat-grain bark side, and one with 
flat-grain pith side for principal face 
The principal face each specimen 
was transversely with datum 
line, and the intersection the datum 
line with each junction springwood 
with summerwood was marked with 
ink. The specimens were conditioned 
constant weight per cent relative 
humidity 80° 


With traveling microscope, the 
datum line each specimen was twice 
traversed record the position each 
springwood-summerwood junction and 
thereby determine the band widths and 
overall specimen widths. The specimens 
were then immersed water for five 
days, and the datum lines were again 
traversed twice measure the dimen- 
sions the swollen bands and speci- 
mens. Finally, the specimens were 
stored for two months per cent 
relative humidity 80° restore 
their initial moisture content, after 
which the band widths 
widths were measured once more. 


Table reports the average swelling 
the springwood and the summer- 
wood bands, and the overall swelling 
each specimen and the extent 
which the widths failed return 
their initial values after the specimens 
were redried. the average, summer- 
wood bands always swelled more than 
springwood bands the same speci- 
mens. Summerwood 
more edge-grain than flat-grain 
but springwood swelled 


Table 3.—CHANGES OVERALL DIMENSIONS AND AVERAGE WIDTH BANDS SPRINGWOOD AND SUMMERWOOD 
SPECIMENS DRY WOOD SWOLLEN WATER AND THEN REDRIED THE INITIAL CONDITION 
EQUILIBRIUM WITH PER CENT RELATIVE HUMIDITY AND 80° 


Swelling water 


Number of bands of Average* for 


Description 


~ Difference between initial and 
redried conditions 


Kind of wood surface Springwood Summerwood Springwood Summerwood Overall Springwood Summerwood Overa! 

Per cent Per cent Percent Per cent Per cent Per cen 

Southern yellow pine- Edge grain 14 14 2.1+0.7 8.7+1.2 5.1 +0.5+0.5 +0.5+0.6 +0.5' 
Southern yellow pine __..Flat grain, bark side 10 10 5.52 .7 7.71.5 6.2 + .6+ .2 + .&8+1.1 + .6 
Southern yellow pine- _.Flat grain, pith side 5 5 6.32 .9 7.38 .6 6.6 + .52 .2 +1.52 .8 + .7 
Douglas-fir _- Edge grain 18 18 1.2 .5 5.61.1 2.5 + .8+ .6 — .1+1.4 + .2) 
Douglas-fir. _ Flat grain, bark side 4 4 3.42 .2 3.5 .2 3.5 + .1 + .1 + .2! 
Douglas-fir _- _.Flat grain, pith side 4 4 5.02 .3 5.8 .9 5.3 + .2+ .6 0 + .4 + .1 
Redwood_____ Edge grain 15 16 5.7+3.9 1.8 + .6 —1.6+2.0 + .0 
Redwood _ - - - _.Flat grain, bark side 5 4 4.12 .7 5.2% .6 4.4 + .l .6 + .82 .2 + .24 


*The figures for the average changes in springwood and summerwood bands are followed by the average deviations (not the standard deviations) of the individu. | 


values from the average values. 
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Table 4.—AVERAGE MOISTURE CONTENT THE SPECIMENS 
THE DIFFERENT WOODS EACH STAGE THE 
CYCLIC CHANGES FROM PER CENT 
PER CENT RELATIVE HUMIDITY 


Average moisture content of specimens 


Douglas- 


Relative Southern Western 
Stage test humidity yellow pine fir Redwood 
Per cent Per cent Per cent Per cent Per cent 
7.78 7.15 7.54 6.48 
26.0 28.3 31.3 23.0 
Sa 30 6.87 6.65 6.40 6.78 
25.0 24.8 25.0 22.5 
30 7.20 7.59 7.18 
25.0 25.4 25.5 22.8 
7.08 7.41 6.78 
23.0 22.7 21.0 
9. 30 6.74 6.75 6.65 Tas 
30 6.87 6.80 6.82 6.39 


auch less. consequence, edge- 
surfaces summerwood swelling 
vas more than four times 
and summerwood swelling 
were much more nearly equal. Within 
any one specimen there were substan- 
tial variations the swelling indi- 
vidual bands that are indicated the 
recorded average deviations (not stand- 
deviations). When the specimens 
were redried after soaking, the bands 
and overall dimensions did not return 
exactly their original values. The 
larger, and band widths usually 
mained wider the average, but 
among both springwood and summer- 
wood bands there were some that be- 
came narrower. 


Swelling the Plane Surfaces 
Exposed High Humidity 


Wood surfaces coated with protec- 
tive paint varnish are not exposed di- 
rectly water long the coating 
remains intact. Under such conditions, 
moisture reaches the wood 
slowly after passage through the pro- 
tective coating from the rear through 
the deeper layers wood beneath the 
surface. More detailed studies were 
therefore made with carefully matched 
Douglas-fir, and redwood and with un- 
cedar, which swelling was effected 
per cent relative humidity 
80° 

Matched specimens were cut from 
annual rings tangent the 
inch faces. Three-eighths inch 
was cut from end piece pro- 
inch face end-grain wood, which 
was smoothed with sandpaper. Then 
inch was cut from edge the piece 
provide specimen with 114- 
inch face edge-grain wood, which 
vas smoothed planing. The re- 
maining portion the piece was cut 

two along plane parallel the 
principal faces make one specimen 
‘ith 514-inch face flat-grain, 


bark-side wood and one specimen 
similar size with flat-grain, pith-side 
wood. Thus, the two flat-grain faces 
for comparison were only saw kerf 
and two planer strokes apart the 
original piece, and were composed 
nearly the same annual growth rings. 
Cedar was unavailable pieces large 
enough cut into matched specimens 
that way; suitable edge-grain and 
flat-grain specimens 
taken from stock random. 


The specimens were equilibrated 
per cent relative humidity, ruled 
with datum lines, and the intersections 
with 
tions were marked, with band widths 
measured described for the tests 
immersion water. The specimens 
were then placed per cent rela- 
tive humidity and weighed intervals 
until the weight was nearly constant, 
after which band widths and overall 
widths were measured. prevent dry- 
ing during the course measure- 
ments, the specimens were sandwiched 
between pieces plate glass. Further 
measurements were made after the 
specimens had been reconditioned 
per cent relative humidity. The 
specimens were then subjected four 
additional cycles swelling per 
cent relative humidity and recondition- 
ing per cent relative humidity, 
after which band widths and overall 
widths were measured for fourth 
time. Finally the specimens were oven- 
dried 220° and weighed per- 
mit calculation their moisture con- 
tent each stage the program 
tests. 


Table reports the average moisture 
content attained the specimens 
each kind wood each the 
stages the program tests. The data 
suggest slight loss hygroscopicity 
the wood during the nine months re- 
quired complete the work. 

Table reports the measurements 
dimensional changes. The samples 
southern yellow pine were unusual 
that their overall swelling was slightly 
greater radially than tangentially. Ex- 
amination the specimens expe- 
rienced wood anatomist revealed that 
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some the summerwood bands were 
zonate, but that there were other 
recognizable abnormalties, and that the 
wood can considered representa- 
tive sample second-growth southern 
yellow pine. For the Douglas-fir, red- 
wood, and redcedar, the overall radial 
swelling was less than the tangential. 


the average, summerwood bands 
nearly always swelled more than 
springwood bands the same speci- 
men. The apparent exception 
grain redwood from piece (but not 
for that from piece may well lie 
within the limits experimental er- 
ror. With the same doubtful exception, 
summerwood swelled much 
more, springwood less more than 
the overall dimension. pine, fir, and 
redwood specimens that were well 
matched, summerwood always swelled 
more and springwood less edge- 
grain than flat-grain surfaces. ce- 
dar, both summerwood 
wood swelled less edge-grain than 
flat-grain surfaces, but edge- and 
flat-grain specimens did not come from 
the same pieces. 


flat-grain surfaces, summerwood 
swelling was never more than 1.23 
times the springwood swelling, but 
edge-grain surfaces summerwood swell- 
ing was much 4.7 times, usually 
more than times, and never less than 
1.55 times the springwood swelling. 
During swelling damp air, just 
swelling water, the springwood was 
compelled follow closely the swell- 
ing the summerwood tangential 
surfaces, but radial surfaces both 
springwood and summerwood were 
more nearly free swell they would 
the bands were unattached. Varia- 
tions swelling individual bands 
any one specimen (indicated Table 
the average deviations from the 
averages) were about great the 
tests damp air they were the 
tests water. 

Radial swelling pine and fir 
measured end-grain surfaces agreed 
well with the measurements the 
matched edge-grain specimens. series 
datum lines ruled radially across the 
end-grain faces remained straight after 
swelling; least some them would 
have become wavy there had been 
any large differences 
swelling springwood and summer- 
wood bands. Measurements end- 
grain specimen redwood were ren- 
dered unreliable exudations 
highly colored extractives the wood, 
which obscured the ink markings. 


The measurements band widths 
after reconditioning per cent rela- 
tive humidity indicated that, the 
whole, the first cycle test tended 
make springwood bands slightly nar- 
rower and summerwood bands slightly 
wider, and that the changes were 


419 


7 
q 
7 
| 
q 
4 
4 
4 
a 


Table 5.—CHANGES OVERALL DIMENSIONS AND AVERAGE WIDTH BANDS SPRINGWOOD AND SUMMERWOOD 
SPECIMENS DRY WOOD SWOLLEN PER CENT RELATIVE HUMIDITY, 


Difference between initiai 
condition and redried condition 


Swelling in 97 percent 


REDRIED AND THEN SWOLLEN AND REDRIED FOUR MORE TIMES 


Difference between initial 
condition and redried condition 


Mark to Number of Amount relative humidity after one cycle after five cycles 
matched ————-—-—— summer- Average for Average for Average for 
Description of speci- Spring- Summer- wood in Overall Overall —_________— Overall 
Kind of wood surface mens* wood wood — surface Springwood Summerwood Springwood Summerwood Springwood Summerwood 
Percent Percent Percent Percent Percent 
Southern yellow pine. _End grain (radial) A 13 12 31.8 2.821.3 8.11.3 1.621.0 +4.4+1.9 40.32 
Edge grain A 13 13 29.0 3.0= .6 8.6+1.8 4.7 —0.1=1.0 +1.4#2.6 +0.38 1.02 .7 +3.9%3.6 + .42 
Flat grain, bark side <A 6 5 29.8 4.52 4.9% .6 4.6 7 .4 — .7 —1.2= . oe .4 — .58 
Flat grain, pith side <A 6 6 27.4 .2 4.5 .2 4.5 .4 .2 57 —1.1+ .66 — — .53 
Southern yellow pine__ Edge grain B 12 12 31.5 4.0+1.2 6.22.1 4.8 + 52 .66 — .122.1 + .31 .8 4+3.7+1.8 + 
Flat grain, bark side B 5 5 39.8 4.5% .2 7+ .6 4.6 .2 — 7 59 — .2 .7 — 
Flat grain, pith side B 5 5 51.2 4.2= 4.42 .5 4.3 — .4 — .6 -61 —1.02 4% 3 
Douglas-fir. End grain (radial) Cc 25 22.6 2.12 .9 11.342.8 4.2 1.141.2 +3.3%3.1 — .15 2.821.4 +8.7+5.5 
End grain Cc 24 23 23.6 .8 10.4%2.4 4.1 82 +2.2+2.1 11 2.021.2 +4.6+2.6 
Flat grain, bark side 11 ll 37.5 5.2+1.0 6.44 .5 5.6 + .4 — .2% .6 03 9+ .6 + .4 40 
Flat grain, pith side 12 11 30.8 5.621.2 .5 5.6 3a .5 om .4 26 —1.4+1.6 oe — .B 
Douglas-fir. __- _._Edge grain D 24 23 21.7 2.621.1 11.501. 4.5 421.0 +1.2+2.2 02 1.8+1.6 +5.5+4.9 .24 
Flat grain, bark side D 11 1 41.0 4.9% .5 5.8+ .6 5.3 42 .4 — .2+ 5 35 1.22 5 + 42 4 — 59 
Flat grain, pith side D 12 11 33.1 5.31.1 5.7% 7 5.5 5% .2 1+ .4 39 Lie 56 +.012 .7 - 44 
Redwood _Edge grain E 16 15 8a .7 3.8+2.5 1.5 321.0 + .421.5 — .14 — .82 .8 4+2.521.9 — .07 
Flat grain, bark side E 7 7 2.32 .6 .7 2.5 7 3 — .9 — 42 — + — 
Flat grain, pith side E 8 2.62 .5 2.7 2.6 82 3 + .5%1.0 44 62 .2 + .6 
Redwood __ Edge grain 15 14 19.9 List .5 3.32.0 1.5 — .7 + .8#1.3 18 1321.3 +4.7+2.4 13 
Flat grain, bark side 7 6 19.8 2.9m .2 2.62 .8 2.8 2% .4 — .62 .7 - 27 — .6 .8+ .8 
Flat grain, pith side F 6 6 26.5 2.7 .2 2.62 .4 2.6 3 .1 6+ .4 37 - oe .2 +1.02 .6 24 
Western redcedar _Edage grain : 21 20 19.8 .8+ .8 3.31.3 1.3 — i= 6 + 821.3 + .07 - 3% .7 +1.622.0 + .08 
Flat grain. bark side 12 ll 15.7 4.8+ .6 §.7#1.7 4.9 + .1+ .6 .05+1.3 + .06 31.4 — 
Flat grain, pith side 7 6 42.7 .7 §.8+1.8 5.5 .6 + .82 + .20 — .62 5 + 21 
Western redcedar __Edge grain 21 20 20.4 2.0+ 4.321.4 4.1 + 32 — 5621.6 + .13 62 6 + 922.5 — .29 
Flat grain, pith side : 9 s 26.6 4.4% .4 4.7 4.5 +.04+ .3 + .7+ 6 + .21 3+ .7 +1.02 .9 + .02 


*All specimens indicated by the same letter were cut from adjacent portions of one piece of wood as described in the text. Where no letter appears in this column the specimens were un 


matched. 


values 


somewhat greater after four more cycles 
test. After the fifth cycle, spring- 
wood bands were always narrower 
than they were initially amount 
greater than any decrease overall 
width, and the summerwood 
bands measured were either wider than 
they were initially had decreased 
width amount less than the de- 
crease overall width. Thus, alternate 
swelling and shrinking apparently 
tends cause slight permanent con- 
traction springwood bands and ex- 
pansion summerwood bands. 


Estimation Raised Grain 


Roughness wood surfaces the 
form differences level spring- 
wood and summerwood bands com- 
monly called raised grain. edge- 
grain surfaces, raised grain usually 
arises chiefly from differences swell- 
ing and shrinking during change 
moisture content. Flat-grain surfaces 
are subject the same kind raised 
grain. more serious cause raised 
grain flat-grain surfaces, however, 
often comes from the 
tion power planers with which com- 
mercial lumber surfaced (14). 
Pounding the planer knives may 
push the tapered edges the bands 
hard summerwood down into the soft 
springwood immediately underneath, 
compressing those springwood fibers 
nearest the summerwood. Such com- 
pression more marked the pith 
side, where thin, tapered edges com- 
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posed the hardest summerwood 
formed late the growing season over- 
lie the softest springwood formed 
the beginning the next year’s 
growth. the bark side, where thin 
edges less hard summerwood over- 
lie firmer springwood formed just be- 
fore the transition the same year’s 
growth, compression from planer-knife 
action less marked. The compressed 
fibers may recover their shape soon af- 
ter the knife pressure ceases, and 
thereby push the overlying summer- 
wood edges raised grain. Often, the 
recovery partly entirely delayed 
until the wood later undergoes 
changes moisture content. Raised 
grain that occurs from recovery com- 
pressed springwood fibers before wood 
painted has bearing possible 
disruption coatings wood move- 
ments. Even delayed raising the 
grain may well expected stop be- 
fore coatings have weathered long 
enough seriously embrittled. The 
present interest, therefore, chiefly 
raised grain caused changing mois- 
ture content. 

Fig. shows the contours 
edge-grain surface, the bark side 
flat-grain surface, and the pith side 
flat-grain surface that were smooth 
when dry but became roughened 
raised grain when they were swollen 
water. Cross sections were cut from the 
three matched specimens Douglas- 
fir from piece recorded Table 
The previously measured faces were 


The figures for the average changes springwood and summerwood bands are followed the average deviations (not the standard deviations) the individual from the average: 


carefully planed with hand plane 
remove the raised grain that remained 
after the earlier tests, and make sure 
that compressed springwood fibers 
remained from power planing. The 
sections were examined with micro- 
scope make sure that the surfaces in- 
tersected the plane the cross sections 
straight lines, free from raised grain. 
The sections were then 
oughly water and photographed 
magnification approximately 12.5 
diameters. 

The raised grain was much more 
conspicuous the edge-grain than 
the flat-grain specimens Fig. 
the edge-grain specimen, the summer- 
wood bands rose hills above valleys 
springwood. The crests the sum- 
merwood hills occurred near the 
the bands rather than close the 
end the year’s growth where Erick 
son found the 
swelling. The low points the spring 
wood valleys also occurred near 
middle the bands, rather than th: 
beginning the year’s growth wher 
tangential swelling minimum. 
peaks valleys, the contour was we: 
rounded without breaks springwooc 
summerwood junctions. The mutu: 
adjustment tangential movement 
both springwood and summerwood 
posed their attachment each 
clearly revealed the contour 
swollen surface. 

crests the summerwood hills 
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Fig. 2.—Swelling the bands springwood and summerwood closely matched edge- 
grain (upper), bark-side flat-grain (center), and pith-side flat-grain (lower) specimens 
air-dry (30 per cent relative humidity) southern yellow pine from piece after soaking 
water. Drawing shows sections through the specimens along the datum line the measurements. 


curred the thick edges the tapered 
intersections the bands with the sur- 
face. The crests were raised higher, 
high, above the springwood val- 
leys, and the slopes from crests val- 
leys were much gentler the flat-grain 
than the edge-grain specimens. 

From measurements the elevation 
the summerwood hills 
springwood valleys the photographic 
negatives for Fig. and the known 
magnification, the raised grain the 
edge-grain surface amounted 0.0016 
0.0036 inch. the flat-grain sur- 
faces, the raised grain amounted 
0.0013 0.0030 inch. 


Some speculative estimations the 
extent raised grain the edge-grain 
and flat-grain surfaces the specimens 
Douglas-fir from piece and 
southern yellow pine from piece pre- 
sent the subject greater detail. The 
estimations require knowledge the 
free tangential swelling the bands 
springwood and summerwood when 
the bands ate detached and are 
longer constrained one another. 

The edge-grain specimens from 
pieces and were sawed two 
along the datum line for the previous 
measurements, and sections inch 
the grain were cut from each 
the two newly formed ends. The sec- 
‘ions were carefully split along the 
unctions springwood and summer- 

make duplicate sets samples 
each band springwood and sum- 
Each detached band was 

along the grain, inch the 


tangential direction, and the thickness 
the band the radial direction. 
From the Douglas-fir specimen, 
bands springwood and sum- 
merwood, and from the pine bands 
springwood and summerwood, 
were examined. Suitable datum lines 
were drawn across one tangential face 
and one end-grain face each band. 
Tangential and radial widths were 
measured with traveling microscope 
before and again after the bands were 
swollen contact with water until 
swelling was complete. Although the 
tangential swelling only was needed 
for the desired estimations, radial 
swelling was measured also mat- 
ter interest (Table 1). 


Results for free swelling detached 
bands from rings Douglas- 
fir are reported Table and for 
tables record also the estimated raised 
grain and the 
swelling the plane the surface 
the edge-grain and flat-grain specimens 
before the springwood and summer- 
wood bands were detached. Raised 
grain was estimated described the 
next two paragraphs. 

Raised grain edge-grain sur- 
face may considered analogous 
the bulging the core ply 3-ply 
plywood its side-grain edge when 
the plywood described 
Norris (11). band summerwood 
may considered the core ply and the 
two adjacent bands springwood the 
face plies. springwood and summer- 


OREST PRODUCTS JOURNAL 


wood were not bound each other 
their adhesion, the summerwood 
would bulge beyond the spring- 
wood raised grain. The magnitude 
such bulge would the difference 
tangential swelling springwood 
and summerwood that was actually 
measured for the detached bands. But 
long the bands remain attached 
normal wood, only those summerwood 
fibers immediately the surface are 
free bulge much they wish. 
Fibers beneath the surface 
strained extent that increases con- 
tinuously with their distance from the 
surface, until certain critical distance 
reached beyond which the freedom 
bulge completely lost. The criti- 
cal distance not known exactly, but, 
engineers experienced wood, 
may taken reasonably four times 
the average width the three 

Thus, the differential swelling 
bulging operative depth beneath 
the surface equal the average width 
the three the surface, and 
may calculated one-half the dif- 
ferential tangential swelling that would 
have been observed free summer- 
wood and springwood bands this 
length had swollen. The raised 
grain recorded Tables and for 
edge-grain surfaces was calculated 
that way, and expressed both 
inches and per cent the width 
the summerwood band the surface. 
The results agree well with the meas- 
urements made from the photographic 
negative for Fig. 

Raised grain flat-grain surface 
related closely the swelling the 
springwood and summerwood bands, 
actually measured matched 
edge-grain specimen. The intersection 
surface tapers from nearly the radial 
thickness the band edge 
vanishing thickness. The raised grain 
may therefore taken reasonably 
the difference between the radial swell- 
ing the band and the radial swelling 
equal thickness the adjacent 
springwood band, both cases 
measured the matched edge-grain 
specimen. The raised grain recorded 
Tables and for flat-grain surfaces 
was calculated that way. The results 
agree well with the measurements from 
the photographic negatives Fig. 

Tables and now afford compari- 
son parallel columns the swelling 
springwood and summerwood the 
plane and normal the plane edge- 
grain and flat-grain surfaces. the 
edge-grain surface Douglas-fir, the 
swelling normal the surface averaged 
0.0023 inch 10.8 per cent the 
average width the summerwood 
bands. The summerwood bands swelled 
about the same amount, 0.0025 inch 
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Table 6.—FREE SWELLING DETACHED BANDS SPRINGWOOD, AND ESTIMATED 
RAISED GRAIN AND MEASURED SWELLING THE PLANE THE SURFACE 
THE SAME BANDS EDGE-GRAIN AND FLAT-GRAIN SURFACES 
INTACT SPECIMENS DOUGLAS-FIR CUT FROM PIECE 


Free swelling 
detached 
Width of | band in direc- 


Estimated raised grain in 


Measured swelling 


Annual band tion surface intact specimen plane surface 
ring plane of to plane caused by swelling intact specimen 
number Band surface of surface — — -——— — 
In. Per cent In. Per cent of In. Per cent on 
band width band width 

EDGE-GRAIN SURFACE 
8 Springwood 0.0776 6.41 0.0012 1.5 
8.64 0.0031 14.2 9.6 
9 Summerwood -0223 8.39 -0021 9.4 -0025 
10 Summerwood .0297 9.27 .0025 8.4 - 0034 11.4 
Summerwood 9.45 18.0 10.3 

12 Summerwood .0309 8.65 =z .0030 < 9.7 -0034 = 11.0 
13. Springwood -0750 6.22 _ -0014 3 1.9 
15 Springwood .0851 6.21 .0009 
15 Summerwood .0236 8.14 = 0015 ~ 6.4 .0024 10.2 
16 Springwood 7.66 .0024 3.4 
16 Summerwood -0151 8.66 .0014 9.3 -0023 15.2 
17 Springwood -0621 .0007 a4 
17 Summerwood -0123 8.10 -0018 14.6 -0016 13.0 
18 Springwood .0753 5.71 2.0 
18 Summerwood .0229 8.56 . 0033 14.4 .0024 10.5 

GRAIN SURFACE 
9 Springwood 2857 4.08 .0140 4.9 
9 Summerwood .1550 8.75 0019 .0086 5.5 
10 Summerwood .0624 12.60 0028 4.5 .0030 4.8 
11 Springwood .1715 6.05 0088 5.1 
11 Summerwood .0789 11.45 -0019 1.9 .0041 5.2 
12 Springwood .1841 4.04 0095 
12 Summerwood .1154 14.85 so - 0080 2.6 . 0066 = 5.7 

3 

15 Summerwood 0823 10.72 .0021 2.5 .0057 6.9 
16 Summerwood . 0858 12.04 -0018 2.1 .0039 4.5 
17 Springwood .1584 11.70 3.6 
17 Summerwood .0985 20.95 1.5 .0046 
18 Summerwood . 0766 10.89 .0019 2.5 0036 4.7 


11.2 per cent, the plane the edge- 
surface, but the springwood 
bands swelled only 2.0 per cent, less 
than one-fifth much. 

contrast, the flat-grain surfaces 
exhibited much gentler variations 
swelling. Normal the plane the 
flat-grain surfaces, swelling averaged 
0.002 inch only 2.2 per cent the 
summerwood band widths. the plane 
the flat-grain surfaces, swelling was 
larger absolute amount because 
the much greater band widths, but 
percentage the band widths was 
nearly the same for springwood and 
summerwood, 5.2 and 5.5 per cent, 
respectively, and was less than half that 
the summerwood the edge-grain 
surface. Similar relations were found 
for southern yellow pine. Swelling 
normal the surface was less for pine 
than for fir, only 5.8 per cent band 
widths edge-grain and 0.8 per cent 
flat-grain pine. the plane the 
edge-grain surface, there was less dif- 
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ference between springwood and sum- 
merwood pine than fir. But for 
both pine and fir, the dimensional 
changes normal and the plane 
the surface were much greater for edge- 
grain than for flat-grain surfaces. 


Effect Wood Swelling Adhesion 
and Integrity Coatings 


Coatings paint varnish wood 
must able follow any movements 
the wood surface the coatings are 
maintain their adhesion and integ- 
rity. Even when all reasonable precau- 
tions are taken prevent cold-weather 
condensation and undue penetration 
storm water joints, painted wood 
the exterior houses may times 
reach exceed its fiber saturation 
point, and other times may dry 
moisture content below per cent. Ad- 
hesion between coating and wood 
normally established while the wood 
relatively dry. the coating remained 
unchanged while the wood swelled, the 


interface would subjected severe 
stress opposition adhesion. 

Coatings, however, absorb water (3) 
moisture (2), swell, and become 
more plastic and deformable (8). The 
moisture content coating may 
change little sooner little later 
than that the wood surface accord- 
ing the moisture approaches from 
the coated side from the back the 
wood, but coating and wood must 
main fairly closely step long 
they continue adhere. Swelling 
the coating may largely counteract the 
stress the interface from wood swell- 
ing or, since many coatings swell more 
than wood does, may apply stress 
the opposite direction. either case. 
the plasticizing action moisture 
both coating and wood greatly facili- 
tates their mutual accommodation 
out loss adhesion. 

The interface between wood and 
coating necessarily the seat 
centration stresses, whether they 
originate the coating the wood 
because the great dissimilarity 
physical properties there. Swelling 
highly anisotropic wood and may 
many coatings (4, 2). 
though customary methods applica- 
tion tend match the grain coat- 
ings with the grain wood (8), there 
remain considerable differences 
both directions the plane the 
interface. not surprising, therefore, 
that disruption coatings they wear 
out normally involves separation from 
the wood the interface (13, pages 
great dissimilarity within the coating 
(13, page 369). 

Such separation usually occurs over 
summerwood bands long before the 
springwood bands are bared. Yet good 
coatings maintain their adhesion for 
several years before they begin loosen 
even from summerwood. Meantime, 
the wood presumably has completed 
number cycles swelling and 
shrinking. explain the delay loss 
adhesion, has long been suggested 
(5) that young coatings become 
tached wood specific adhesion, 
which there attraction between mac- 
romolecules micelles wood sub 
stances and coating vehicle, but suc! 
adhesion lost when coatings becom: 
embrittled weathering. Aged coat 
ings are then held place chiefly 
mechanical adhesion, and the 
merely maintains footings the 
face depressions afforded the cav 
ties the wood fibers. Such mechan 
cal adhesion would much less 
cure the small summerwood 
than the larger springwood cavitie 

ultimate failure mechanical 
hesion resulted primarily from 
and shrinking the wood the plan: 
the interface, the data Tables 
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and suggest that should occur 
first edge-grain surfaces, where 
swelling and the differ- 
between summerwood and spring- 
swelling are much greater than 
are flat-grain surfaces. But long 
experience observation and testing 
coatings wood clearly prove the 
contrary (13, pages 10). 
boards almost always re- 
coatings longer than otherwise 
milar flat-grain boards. 

The like contradiction between ex- 
perience and predication from wood 
swelling arises the stresses bend- 
ing imposed coating raised 
are considered. 

the portion coating extending 
between the low points the spring- 
wood two adjacent annual rings 
(Fig. treated beam stressed 
vening band summerwood, the de- 
flection the beam measured the 
height the raised grain, the span 
the distance between low points, and 
the depth the beam the thickness 
the coating. Then the stress the 
coating proportional the product 
its deflection the cube the ratio 
the beam’s depth its span. the 
coating thickness held constant, the 
stress proportional the ratio the 
deflection the cube the span. 

Calculations with the data Tables 
and show that the ratio raised 
grain the cube the distance be- 
tween midpoints springwood bands 
for the edge-grain surface would vary 
from 1.15 3.48 for Douglas-fir and 
from 0.63 3.08 for southern yellow 
pine. For the flat-grain surfaces, the 
ratio would vary from 0.0073 0.181 
for Douglas-fir and from 0.0007 
0.0440 for pine. Thus, raised grain 
exerts disruptive stress, the stress 
coating given thickness would 
much greater edge-grain than 
flat-grain surface. For those rings 
most nearly tangent the flat-grain 
surface, the stress might more than 
300 times great edge-grain 
flat-grain fir (annual ring and more 
than 2,000 times great edge- 
grain flat-grain pine (annual 
5). The difference between edge 
and flat grain would less for those 
rings that are less nearly tangent the 
flat-grain surface, but the specimens 
measured, the calculated stress the 
edge-grain surface would never less 
than nine times the stress the flat- 
grain surface. 

The mechanical analysis indicates 
further that the stress stretching im- 
posed coating wood swelling 
the plane the surface would increase 
proportion the thickness the 
Coating, and the stress bending im- 
posed raised grain would increase 
the cube the coating 


Table 7.—FREE SWELLING DETACHED BANDS SPRINGWOOD, AND ESTIMATED 
RAISED GRAIN AND MEASURED SWELLING THE PLANE THE SURFACE 
THE SAME BANDS EDGE-GRAIN AND FLAT-GRAIN SURFACES 
SOUTHERN YELLOW PINE CUT FROM PIECE 


Free swelling 
detached 


Width band direc- 


Estimated raised grain in 


Measured swelling 


Annual band in tion normal surface of intact specimen plane of surface of 
ring plane of to plane caused by swelling intact specimen 
number Band surface of surface - 
Inch Per cent Inch Per cent Inch Per cent 
band width band width 
EDGE-GRAIN SURFACE 
5 Springwood 0.0775 8 6.75 ‘ te 0.0025 3.2 
6 Springwood . 0546 = 6.12 = .0018 
9 Summerwood* . 0306 7.038 3 3.6 . 0022 72 
10 Springwood  .O787 6.24 .0033 4.2 
FLAT-GRAIN SURFACE 
5 Summerwood .3334 14.10 4 4.77 
& Springwood -2881 @ 12.7% 0121 4.2 


*The summerwood of these rings was zonate. 


thickness. Thus, thick coatings should 
much more seriously disrupted than 
thin ones. practice, however, the re- 
lation between coating thickness and 
performance more complicated. 
Coatings house paint give their best 
and longest service when they are 
about 0.005 inch thick (6). That 
about twice the average raised grain 
estimated for Douglas-fir and four 
times the raised grain estimated for 
southern yellow pine. Thinner coatings 
fail more rapidly, perhaps because they 
become embrittled sooner weather- 
ing. Thicker coatings often crack and 
flake more seriously. far, the be- 
havior agrees with the predictions from 
mechanical analysis. 


But the disruption aged coatings 
does not follow the patterns ex- 
pected from bending and stretching 
wood swelling. Among many discrep- 
ancies, two are particularly revealing, 
one among coatings optimum thick- 
ness less and the other among un- 
duly thick coatings. 

Many coatings optimum thickness 
less develop pattern checking 
cracking with fissures oriented largely 
one direction. long was supposed 
that the orientation was parallel the 
grain the wood, but the orientation 
shifted degrees that crosses 
the grain the wood the paint 
applied with the final brush strokes 
across the wood grain rather than with 
(4, 8). Thus, many paint coatings 
grain somewhat wood does, 
and their cracking governed the 
grain the coating rather than the 
grain the wood. 

When coatings exceed critical 
thickness characteristic the particular 
kind paint (7, 6), fundamental 
change occurs their pattern dis- 
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ruption. Cracks become larger and 
more conspicuous and strongly oriented 
right angles the grain the paint, 
without regard for the grain the 
wood and the cracking pattern that may 
developed thinner coatings. After 
such cross-grain cracking begins 
thick coatings, subsequent scaling bears 
little relation springwood and 
summerwood bands the wood, and 
failure the coating occurs rapidly 
woods light weight heavy 
woods. 

Such considerations the effect 
coating thickness performance show 
clearly that stresses originating within 
the coating itself commonly govern ul- 
timate disruption the coating shrinks 
with age, becomes degraded, swells and 
shrinks with changing moisture con- 
tent, and expands and contracts with 
changes temperature. Bending and 
stretching imposed wood swelling 
are not always the most potent disrup- 
tive forces. Nevertheless, satisfactory 
coatings must able withstand the 
swelling wood surfaces for rea- 
sonable length time without loss 
adhesion integrity. 


Conclusions 


absorbing moisture from the air- 
dry condition beyond the fiber 
saturation point, wood swells unevenly 
both the plane and normal the 
plane the surfaces that may sup- 
porting paint varnish coatings. 
Bands summerwood surfaces 
the softwoods studied swelled more 
than bands springwood. Although 
overall swelling was usually less 
edge-grain than flat-grain surfaces, 
the greatest summerwood swelling and 
greatest differences 
wood and summerwood occurred the 
edge-grain surfaces. 
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Table 6.—FREE SWELLING DETACHED BANDS SPRINGWOOD, AND ESTIMATED 
RAISED GRAIN AND MEASURED SWELLING THE PLANE THE SURFACE 
THE SAME BANDS EDGE-GRAIN AND FLAT-GRAIN SURFACES 
INTACT SPECIMENS DOUGLAS-FIR CUT FROM PIECE 


Free swelling 
of detached 


Width of bandindirec- Estimated raised grain in Measured swelling in 
Annual band in tion normal _ surface of intact specimen plane of surface of 
ring plane plane caused swelling intact specimen 
number Band surface of surface — 
In. Per cent In. Per cent of In. Per cent on 
band width band width 
EDGE-GRAIN SURFACE 
0.0776 6.41 0.0012 1.5 
8 Summerwood .0219 8.64 0.0031 14.2 -0021 9.6 
9 Summerwood -0223 8.39 0021 9.4 0025 11.2 
10 Springwood .0730 7.47 0013 1.8 
9.27 8.4 0034 11.4 
11 Springwood .0788 7.03 0021 2.7 
11 Summerwood .0194 9.45 0035 18.0 0020 10.3 
12 Summerwood . 0309 8.65 3 0030 9.7 0034 11.0 
13. Summerwood .0240 7.94 0012 5.0 0027 
15 Springwood 0851 6.21 0009 1.3 
15 Summerwood .0236 8.14 = 0015 6.4 .0024 10.2 
16 Springwood 7.66 0024 3.4 
16 Summerwood .0151 8.66 0014 9.3 0023 15.2 
17 Springwood .0621 0007 
17 Summerwood .0123 8.10 0018 14.6 0016 13.0 
18 Springwood .0753 5.71 2.0 
8.56 14.4 0024 10.5 
19 Springwood . 0752 0022 2.9 
FLAT-GRAIN SURFACE 
Springwood 0.2929 5.07 .0401 6.7 
8 Summerwood .3374 10.77 0.0018 0.5 .0215 6.4 
10 Springwood - 2020 5.41 .0107 5.3 
10 Summerwood 12.60 0028 4.5 . 0030 4.8 
11 Springwood .1715 6.05 .0088 5.1 
11 Summerwood .0789 11.45 -0019 1:9 -0041 5.2 
12 Springwood .1841 4.04 0095 
14. Summerwood . 0734 10.65 .0020 2.7 .0047 6.4 
15 Springwood .1411 6.28 . 0090 6.4 
16 Springwood .1675 5.26 . 0066 3.9 
16 Summerwood 0858 12.04 -0018 2.1 . 0039 4.5 
17. . 1584 11.70 .0057 3.6 
17 Summerwood .0985 20.95 .0015 1.5 .0046 4.7 
18 Springwood .1764 4.98 4.2 
18 Summerwood 0766 10.89 .0019 2.5 . 0036 4.7 


11.2 per cent, the plane the edge- 
but the springwood 
bands swelled only 2.0 per cent, less 
than one-fifth much. 

contrast, the flat-grain surfaces 
exhibited much gentler variations 
swelling. Normal the plane the 
flat-grain surfaces, swelling averaged 
0.002 inch only 2.2 per cent the 
summerwood band widths. the plane 
the flat-grain surfaces, swelling was 
larger absolute amount because 
the much greater band widths, but 
percentage the band widths was 
nearly the same for springwood and 
summerwood, 5.2 and 5.5 per cent, 
respectively, and was less than half that 
the summerwood the edge-grain 
surface. Similar relations were found 
for southern yellow pine. Swelling 
normal the surface was less for pine 
than for fir, only 5.8 per cent band 
widths edge-grain and 0.8 per cent 
flat-grain pine. the plane the 
edge-grain surface, there was less dif- 
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ference between springwood and sum- 
merwood pine than fir. But for 
both pine and fir, the dimensional 
changes normal and the plane 
the surface were much greater edge- 
grain than for flat-grain surfaces. 


Effect Wood Swelling Adhesion 
and Integrity Coatings 


Coatings paint varnish wood 
must able follow any movements 
the wood surface the coatings are 
maintain their adhesion and integ- 
rity. Even when all reasonable precau- 
tions are taken prevent cold-weather 
condensation and undue penetration 
storm water joints, painted wood 
the exterior houses may times 
reach exceed its fiber saturation 
point, and other times may dry 
moisture content below per cent. Ad- 
hesion between coating and wood 
normally established while the wood 
relatively dry. the coating remained 
unchanged while the wood swelled, the 


interface would subjected severe 
stress opposition adhesion. 

Coatings, however, absorb water (3) 
moisture (2), swell, and become 
more plastic and deformable (8). The 
moisture content coating may 
change little sooner little later 
than that the wood surface 
ing the moisture approaches from 
the coated side from the back the 
wood, but coating and wood must re- 
main fairly closely step long 
they continue adhere. Swelling 
the coating may largely counteract th« 
stress the interface from wood swell 
ing or, since many coatings swell mor 
than wood does, may apply stress 
the opposite direction. either case 
the plasticizing action moisture 
both coating and wood greatly facili 
tates their mutual accommodation with 
out loss adhesion. 

The interface between wood anc 
coating necessarily the seat con 
centration stresses, whether 
originate the coating the wooc 
because the great dissimilarity 
physical properties there. Swelling 
highly anisotropic wood and may 
many coatings (4, 2). 
though customary methods applica 
tion tend match the grain coat 
ings with the grain wood (8), there 
remain considerable differences 
both directions the plane the 
interface. not surprising, therefore, 
that disruption coatings they wear 
out normally involves separation from 
the wood the interface (13, pages 
great dissimilarity within the coating 
(13, page 369). 

Such separation usually occurs over 
summerwood bands long before the 
springwood bands are bared. Yet good 
coatings maintain their adhesion for 
several years before they begin loosen 
even from summerwood. Meantime, 
the wood presumably has 
number cycles swelling and 
shrinking. explain the delay loss 
adhesion, has long been suggested 
(5) that young coatings become 
tached wood specific adhesion, 
which there attraction between mac- 
romolecules micelles wood sub- 
stances and coating vehicle, but suc! 
adhesion lost when coatings becom 
embrittled weathering. Aged 
ings are then held place chiefly 
mechanical adhesion, and the 
merely maintains footings the 
face depressions afforded the 
ties the wood fibers. Such mechan 
cal adhesion would much less 
cure the small summerwood 
than the larger springwood cavitie 

ultimate failure mechanical 
hesion resulted primarily from 
and shrinking the wood the plar 
the interface, the data Tables 
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and suggest that should occur 
first edge-grain surfaces, where 
swelling and the differ- 
between summerwood and spring- 
swelling are much greater than 
are flat-grain surfaces. But long 
experience observation and testing 
coatings wood clearly prove the 
(13, pages 10). 
coatings longer than otherwise 
milar flat-grain boards. 

The like contradiction between ex- 
and predication from wood 
swelling arises the stresses bend- 
ing imposed coating raised 
are considered. 

the portion coating extending 
between the low points the spring- 
wood two adjacent annual rings 
(Fig. treated beam stressed 
bending projection the inter- 
vening band summerwood, the de- 
flection the beam measured the 
height the raised grain, the span 
the distance between low points, and 
the depth the beam the thickness 
the coating. Then the stress the 
coating proportional the product 
its deflection the cube the ratio 
the beam’s depth its span. the 
coating thickness held constant, the 
stress proportional the ratio the 
deflection the cube the span. 

Calculations with the data Tables 
and show that the ratio raised 
grain the cube the distance be- 
tween midpoints springwood bands 
for the edge-grain surface would vary 
from 1.15 3.48 for Douglas-fir and 
from 0.63 3.08 for southern yellow 
pine. For the flat-grain surfaces, the 
ratio would vary from 0.0073 0.181 
for Douglas-fir and from 0.0007 
0.0440 for pine. Thus, raised grain 
exerts disruptive stress, the stress 
coating given thickness would 
much greater edge-grain than 
flat-grain surface. For those rings 
most nearly tangent the flat-grain 
surface, the stress might more than 
300 times great edge-grain 
flat-grain fir (annual ring and more 
than 2,000 times great edge- 
grain flat-grain pine (annual 
5). The difference between edge 
and flat grain would less for those 
rings that are less nearly tangent the 
flat-grain surface, but the specimens 
measured, the calculated stress the 
edge-grain surface would never less 
than nine times the stress the flat- 
grain surface. 

The mechanical analysis indicates 
further that the stress stretching im- 
posed coating wood swelling 
tne plane the surface would increase 
proportion the thickness the 
and the stress bending im- 
posed raised grain would increase 
the cube the coating 


Table 7.—FREE SWELLING DETACHED BANDS SPRINGWOOD, AND ESTIMATED 
RAISED GRAIN AND MEASURED SWELLING THE PLANE THE SURFACE 
THE SAME BANDS EDGE-GRAIN AND FLAT-GRAIN SURFACES 
SOUTHERN YELLOW PINE CUT FROM PIECE 


Free swelling 
of detached 
Width of _ band in direc- 


Estimated raised grain 


Measured swelling 


Annual band in tion normal surface of intact specimen plane of surface of 
ring plane of to plane caused by swelling intact specimen 
number Band surface of surface — 
Inch Per cent Inch Per cent of Inch Per cent of 
band width band width 
EDGE-GRAIN SURFACE 
5 Springwood 0.0775 wg 8-75 0.0025 3.2 
9 Summerwood* . 0306 3 7.08 3 3.6 0022 7.2 
10 Springwood .O787 6.24 . 0033 4.2 
FLAT-GRAIN SURFACE 
5 Summerwood .3334 14.10 4 .0155 4.7 
7 Springwood . 1478 = 15.05 = . 0069 4% 
7 Summerwood* 0658 18.65 .6010 1.5 .0029 4.4 38 
& Springwood .2881 @ 12.72 2 0121 4.2 ¢ 
9 Springwood .1960 5.7 0096 4.9 


*The summerwood of these rings was zonate. 


thickness. Thus, thick coatings should 
much more seriously disrupted than 
thin ones. practice, however, the re- 
lation between coating thickness and 
performance more complicated. 
Coatings house paint give their best 
and longest service when they are 
about 0.005 inch thick (6). That 
about twice the average raised grain 
estimated for Douglas-fir and four 
times the raised grain estimated for 
southern yellow pine. Thinner coatings 
fail more rapidly, perhaps because they 
become embrittled sooner weather- 
ing. Thicker coatings often crack and 
flake more seriously. far, the be- 
havior agrees with the predictions from 
mechanical analysis. 


But the disruption aged coatings 
does not follow the patterns ex- 
pected from bending and stretching 
wood swelling. Among many discrep- 
ancies, two are particularly revealing, 
one among coatings optimum thick- 
ness less and the other among un- 
duly thick coatings. 

Many coatings optimum thickness 
less develop pattern checking 
cracking with fissures oriented largely 
one direction. long was supposed 
that the orientation was the 
grain the wood, but the orientation 
shifted degrees that crosses 
the grain the wood the paint 
applied with the final brush strokes 
across the wood grain rather than with 
(4, 8). Thus, many paint coatings 
grain somewhat wood does, 
and their cracking governed the 
grain the coating rather than the 
grain the wood. 

When coatings exceed critical 
thickness characteristic the particular 
kind paint (7, 6), fundamental 
change occurs their pattern dis- 
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ruption. Cracks become larger and 
more conspicuous and strongly oriented 
right angles the grain the paint, 
without regard for the grain the 
wood and the cracking pattern that may 
developed thinner coatings. After 
such cross-grain cracking begins 
thick coatings, subsequent scaling bears 
little relation springwood and 
summerwood bands the wood, and 
failure the coating occurs rapidly 
woods light weight heavy 
woods. 

Such considerations the effect 
coating thickness performance show 
clearly that stresses originating within 
the coating itself commonly govern ul- 
timate disruption the coating shrinks 
with age, becomes degraded, swells and 
shrinks with changing moisture con- 
tent, and expands and with 
changes temperature. Bending and 
stretching imposed wood swelling 
are not always the most potent disrup- 
tive forces. Nevertheless, satisfactory 
coatings must able withstand the 
swelling wood surfaces for rea- 
sonable length time without loss 
adhesion integrity. 


Conclusions 
absorbing moisture from the air- 


dry condition beyond the fiber 
saturation point, wood swells unevenly 
both the plane and normal the 
plane the surfaces that may sup- 
porting paint varnish coatings. 
Bands summerwood surfaces 
the softwoods studied swelled more 
than bands springwood. Although 
overall swelling was usually less 
edge-grain than flat-grain surfaces, 
the greatest summerwood swelling and 
greatest differences 
wood and summerwood occurred the 
edge-grain surfaces. 
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the plane flat-grain surfaces, 
springwood swelled little less and sum- 
merwood little more than the overall 
swelling, per cent the air-dry 
dimension. the plane edge-grain 
surfaces, springwood swelled much less 
but summerwood much more than the 
overall swelling. Summerwood 
Douglas-fir swelled more than per 
cent the average and much 
per cent some cases. Summerwood 
southern yellow pine swelled little 
less and summerwood redwood 
western redcedar much less than Doug- 
las-fir summerwood. 

Raised grain was greater Douglas- 
fir than the other woods. Although 
the raised grain was not measured di- 
rectly, means were found estimate it. 
edge-grain fir, the raised grain 
averaged 0.0023 inch and for one an- 
nual ring was much 0.0035 inch. 
flat-grain fir, the raised grain aver- 
aged 0.0020 inch, and one ring reached 
0.0030 inch. 

considered that raised grain 
imposes stress coating similar 
the stress beam bending, the 
much wider over the growth 
rings flat-grain than edge-grain 
surfaces leads the estimate that 
bending stress coating given 
thickness would 300 times. 
great the edge-grain the flat- 
grain surface Douglas-fir. 


The adverse effect wood swelling 
greatly mitigated the facts that 
coatings usually swell and become 
much more deformable they become 
moist, and that coating and wood must 
necessarily change moisture content 
nearly simultaneously. 


Since experience proves that coatings 
commonly used exterior wood be- 
come disrupted sooner 
than edge-grain surfaces, would 
seem that the stretching and bending 
stresses imposed wood swelling are 
usually less important than changes 
within the coating itself and its internal 
stresses bringing about its ultimate 
disruption. old theory that coatings 
come loose soonest from the wide sum- 
merwood bands flat-grain surfaces 
when specific adhesion lost and only 
mechanical adhesion remains still seems 
the best explanation the ob- 
served performance coatings 
wood. 
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Opportunities for Increased Use Hardwoods 
through Improved Pulping and 


WILLIAM BELVIN 


Director, Herty Foundation, Savannah, Georgia 


analysis our pulpwood supply shows that must uti- 
lize hardwoods for pulp out necessity well opportunity. 
The various methods for pulping hardwoods are surveyed, and the 
possibility having use materials other than wood for pulp 


brought up. 


1952, THE TOTAL CON- 

SUMPTION timber for all pur- 
poses amounted the equivalent 
one cord for every man, woman and 
child the county The actual 
pulpwood used just about one-sixth 
this, 24.5 million cords. pre- 
dicted that this will rise 47.5 mil- 
lion 1975—only nineteen 
hence (2). 


1 Presented at the Annual Meeting of the 
Florida-Georgia-Alabama Section the FPRS, 
Dec. 7, 1956, Athens, Georgia. 

Cited the end this article. 
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the 24.5 million cords used for 
pulp 1952, only 3.5 million were 
hardwood. Since per cent our 
timber stands hardwood, however, 
inevitable that the use these 
species must increase. 1975 
conceived that softwood pulpwood may 
increase 35.0 million cords, but 
see where much more 
than this will come from. The remain- 
ing 12.5 million cords must hard- 
wood. 

are faced with necessity well 
with opportunities. 


the expansion the 


pulp industry has been due its ability 
develop additional sources low 
cost pulping materials through modi- 
fication its (3) 
for nearly century, poplar has beer 
cooked with caustic soda mak: 
bleachable pulp for use book papers 
And more than forty years ago, 
Champion Paper and Fibre 
was similarly cooking extracted 
nut chips and making bleached pul 
Canton, North Carolina. few 
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later, the semi-chemical process was 

extracted chestnut make 

corrugating medium. With the 

chestnut, this semi-chem- 
process has been extended other 

ardwoods and used produce bleach- 
ole pulps. Last year, more than mil- 
cords hardwoods were made 
ito semi-chemical pulps. 


Semi-Chemical Process 


Through common usage, the term 
has come mean 
pulp from chips cooked 
with sodium sulfite and sodium bicar- 


This gives light-colored 


pulps low opacity but good 
properties. When the process 
applied softwoods, the results are 
iess favorable, doubtless because the 
difference the constitution the 


the usual high yields (65 
per cent) the chips retain their woody 
structure and must disintegrated 
mechanically. first this was accom- 
plished rod mills, but now various 
types attrition mills are employed. 
The semi-chemical cook requires less 
steam per ton pulp for cooking than 
does the ‘‘full chemical” normal yield 
(40 per cent) pulp. Power 
required for disintegration the soft- 
ened chips, but less power needed 
prepare the screened stock for the 
paper machine. The chemical consump- 
tion currently higher than for kraft 
pulp because the lack chemical 
recovery, but recent developments 
assure successful recovery the near 
future. fact, several mills are already 
employing one another two meth- 
ods, and third process has been in- 
vented. Recovery important also for 
avoidance stream pollution. 


The pulpwood consumption per ton 
semi-chemical pulp considerably 
less than that for standard-yield pulps, 
both because the higher yield per- 
centage-wise and because the higher 
density most hardwoods, which 
means more pulp per cord compared 
with most softwoods. 


The sodium sulfite buffered with bi- 
carbonate removes the hardwood lignin 
better than does kraft liquor, and dis- 
solves less the hemicellulose, espe- 
cially the pentosans, which contribute 
the desirable physical properties— 
except opacity. Thus hardwood semi- 
chemical pulps have the stiffness re- 
quired for corrugating medium, the 
desirable for glassine, and 
needed for food 
And the hemicelluloses 

larly the pentosans) lessen the power 
after disintegration the 
prepare these pulps satisfac- 
for paper-making. 


Hardwood “neutral pulp 
now used one manufacturer 
bond, offset, and other high-grade 
papers the extent 100 tons per 
day, and reported planning 
double this rate. (4, glassine mill 
has increased production spite 
diminishing supplies black spruce 
for Mitscherlich sulfite going 
aspen neutral sulfite. Another Lake 
States mill that formerly 
gether aspen and hemlock with acid 
sulfite liquor now employs neutral sul- 
fite for hardwoods make bleachable 
pulps that are blended with softwood 
acid sulfite pulps before bleaching. 


Last year, Southern kraft mill 
began operating 16-million-dollar, 150- 
ton bleached food board production, 
making hardwood semi-chemical pulp, 
based results obtained the pilot 
plant the Herty Foundation (6, 7). 
Lake State mill plans follow suit. 
(8) Another plant using this type 
hardwood pulps for book papers. 
(9) The idea using the semi-chem- 
ical process for hardwoods has spread 
the West Coast, (10) the South- 
west, (11) and Italy. (12) 


Chemi-groundwood 


The 
quor has been applied hardwood 
bolts well chips. The pre- 
treated bolts are ground the same 
manner softwoods make ground- 
wood superior quality. Early last 
year, New England newsprint mill 
got into production 150 tons per 
day this pulp 
They report: 


ee 


The greater density 
most available hardwood yields ap- 
proximately more pulp per cord. 
This more than enough cover 
the cost steam, chemicals and 
labor. The pre-treated hardwood 
logs require only half the power for 
wood. Mullen and tensile strengths 
the pulp approach those soft- 
wood sulfite pulp while the tear 
midway between that normal 
groundwood and This 
permits reduction the more ex- 
pensive sulfite pulp the news- 
print furnish. The 
equal that softwood ground- 
wood. The yield averages per 
cent higher. The liquor can 
re-used over and over again. The 
treated logs are soft and pliable and 
not produce the friction tempera- 
tures that result from normal grind- 
ing.” (13, 14, 15, 16. 17) 


This new development has aroused 
great interest, and installation 
the process reportedly contemplated 
mill France (18). 
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Even without pre-treatment, the ap- 
plication sodium sulfite alone 
shower water the grindstone has 
shown remarkable benefit higher 
tensile and tearing strength, improved 
brightness, and reduced power con- 
sumption. Thse benefits were greater 
for hardwoods than for softwoods 
(19). 

Hardwoods can ground without 
chemical pre-treatment addition, 
though course the pulp produced 
different from that obtained from soft- 
woods. This has been demonstrated 
the Foundation 
where bolts from cull hardwood logs 
were ground usable pulps. Species 
used included sweet and black gums, 
red roak, and mixtures bay, mag- 
nolia and quaking aspen. For the pulps 
produced, the power required was less 
and the production rate higher than 
reported for standard practice with 
softwoods. The hardwood pulps were 
not equivalent the latter, but were 
accepted the sponsor usable 
his marketable products. 


The significant relationship between 
wood density and yield ground- 
wood pulp, which indicates the eco- 
nomic advantage the hardwoods, 
illustrated the following: 


Specific 
gravity 
o.d. weight o.d. pulp 
Species green vol. per Cunit* 
Loblolly pine 0.49 
Shortleaf pine _- 0.46 2850) (20) 
Jack pine 0.41 2700) 
Spruce 0.38 2375) 
Red oak 0.60 
Sweet gum 0.48 2868 ) 
Mixture: bay, mag- 
nolia, poplar 0.48 2880) 


*Cunit = 100 cu. ft. solid wood, bark-free. 
+Weights calculated to same yield as for the 
softwoods. 


Groundwood-type pulps are report- 
edly being made from hardwood chips 
disintegration attrition mills. 
One type mill used, the Asplund 
Defibrator, employs continouous steam- 
ing, followed disintegration under 
steam pressure. The pulps produced are 
suitable for use hard boards where 
stiffness and compactness are needed, 
for example panels for lining auto- 
mobile bodies, and some extent 
composition shingles, floor tile, plaster 
board, etc. 


Additional uses are being devel- 
oped, and such hardwood pulps may 
expected replace softwood pulps 
some degree, thereby releasing these 
for other uses which they are more 
essential. 


Cold Soda Process 


method method for pulping hard- 
woods without cooking was devised 
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the U.S. Forest Products Labora- 
tory and being developed and ap- 
plied the industry. This the “cold 
soda” process. (21, 22, 23, 24) 
first this involved impregnating the 
chips under hydrostatic pressure (pre- 
ferably after prior application 
vacuum remove air.) Various con- 
centrations, temperatures and durations 
impregnation have been tried. Best 
results appear have been attained 
with from 2.5 5.0 per cent solu- 
tions sodium hydroxide room 
temperature for periods one 
hour. 


Laboratory has advocated continuous 
process that employes steel press roll 
drum. The liquor sprayed the 
chips they enter the drum. The 
chips require approximately one min- 
ute pass through the drum, during 
which time they are alternately squeezed 
and released from pressure. This causes 
the liquor penetrate into the chips. 
After short retention time, the 
treated chips are disintegrated attri- 
tion mills. 

This procedure has been adopted 
one mill that makes book and super- 
calendar grades (25, 26), man- 
ufacturer 9-point corrugating me- 
dium, and two large newsprint mills 
are planning use it. (27). 

Recently, some hardwood pulps were 
run the Herty pilot Fourdrinier for 
one the leading U.S. newsprint 
mills. They sent two types pulp. 
One was neutral sulfite semi-chemical, 
the other was cold soda. Both had 
disintegrated attrition mills. Nei- 
ther had been bleached. The yield 
the cold soda was reportedly per 
cent. The semi-chemical was somewhat 
less, and its color was darker. 

Six runs were made with per cent 
conventional pine groundwood 
each. The remainder the furnish 
was: 
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More recently, the Forest Products 


59% cold soda 45% machine broke 
20% 30% 

S% semi-chemical 45% machine broke 
20% 30% 


The sponsor 
with all the papers. 


Conclusion 


Aside from the compelling neces- 
sity supplement the softwoods, now 
such increasing demand, there 
additional advantage the South 
woods” that should removed from 
pine-growing soils. The small land- 
owner, whom the industry must 
depend from the preponderant share 
his raw material, usually cannot re- 
move these hardwoods unless can 
derive some revenue apply the 
cost. 

has been suggested that Southern 
mills set program buy hard- 
wood pulpwood addition pine 
from the small landowner, who agrees 
get the harvested acres back into the 
desired species planting, poisoning, 
whatever methods are called for. 
the Lake States, many pulp mills 
are now completely independent 
wood sources outside the region rea- 
son their use hardwoods. 

The demand for pulpwood appears 
gaining the rate growth 
rapidly that already behooves 
consider materials other than wood. 
For three years, the Herty Foundation 
has carried research under sponsor- 
ship the U.S. Department Agri- 
culture material that grows rapidly 
our Southern coastal soils. appears 
eminently suitable for many kinds 
papers, particularly those for which 
softness prime requirement. Gov- 
ernment sources estimate ten-year old 
plantation ten thousand acres extent 
could sustain 100-ton per day pro- 
duction. This material bamboo. 


Eberhardt, Lee, 
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Developments the Use Red Alder 


DONALD CLARK 


Assistant Technical Director, Institute Forest Products, State Washington 


Pacific Coast red alder, fast-growing, aggressive tree, 
emerging from commercial obscurity into position distinct 
value the forest products field. has been added softwoods 
desirable material for several types paper. Increased utili- 
zation forecasts future demand that may equal the available 
supply Oregon, Washington, and British Columbia. 


RED ALDER (Alnus rubra, 
Bong.) has been classed 
‘weed tree” the Pacific northwest 
from the days crude, water-powered 
sawmills—a century ago—until the 
recent discovery that excellent 
pulping wood. Its lowly status the 
past partly due its aggressive in- 
vasion any uncultivated mineral 
soil within reach seed source, in- 
cluding dirt roads, trails, highway cuts 
and fills, fallow farmland neg- 
lected flower gardens. also annoys 
certain foresters who are addicted 
one-species Douglas-fir regime, 
crowding into coniferous forests. 
tends upset persons who dislike 
worms furnishing food periodic 
hordes tent caterpillars. 


Utilization Alder 


Pioneer settlers discovered that al- 
der was excellent for fuelwood and un- 
rivalled for smoking salmon and meat. 
Furniture manufacturers found that 
had excellent working qualities and 
that took any type finish, but they 
also found that furniture buyers took 
dim view alder because was 
cheap, plentiful—and just because 
wasn’t hardwood. 

While over twenty million feet 
alder lumber now used annually 
Pacific Coast furniture plants, the spe- 
cies still remains anonymous far 
advertising and selling concerned. 
[ts susceptibility various finishes al- 
lows masquerade almost any 
hardwood that the buying public fan- 
cies. This situation persists, spite 
the fact that the Forest Products 

the Annual Meeting the Pa- 


ific Northwest Section, FPRS, Feb. 4-5, 1957, 
Tacoma, Wash. 
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Laboratory has determined, after nu- 
merous scientific tests, that red alder 
superior Many respects most 
the eastern and southern hardwoods. 
The strength properties 
der qualify this wood for use all 
furniture parts except those which are 
subjected extreme stress. When 
properly kiln dried, assumes and re- 
highly desired furniture manufac- 
turers. has excellent dimensional 
stability, and close the top the 
hardwood list nailing, gluing, and 
machining qualities. Its adaptability 
wide range finishes unsurpassed. 
outstanding example mer- 
chandising red alder such, and 
its own merits, the case West- 
ern Woods, Incorporated, Portland, 
Oregon. This enterprising firm manu- 
factures and sells attractive assort- 
ment woodenware, largely for 


kitchen and dining room use, 
note that the firm has materially in- 
creased its plant facilities three times 
within ten years. 

addition furniture stock, pulp- 
wood, and firewood, red alder has 
limited use for paper-roll plugs, and 
quite recently for charcoal. One plant 
Renton, Washington, uses alder al- 
most exclusively the manufacture 
briquetted charcoal. 


Alder Becomes Pulping Wood 


Within the past four five years, 
paper pulp corporations have experi- 
mented extensively with red alder for 
certain definite uses. Commercial use 
this species for pulping, which had 
its inception less than two years ago, 
now totals approximately 265,000 
cords pulpwood annually six pulp 
plants Washington State. 

One corporation, which previously 
brought hardwood pulp from Georgia 
Puget Sound paper plant, now 
manufactures native hardwood pulp 
exclusively one their operations. 

The use hardwood pulp pres- 
ent largely for tissues, label paper, 


we 
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Fig. 1.—Red alder grows vigorously lowland sites that are too moist for most 
coniferous species. 
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Fig. 2.—Eight-foot alder pulpwood stacked for loading Snohomish County. Some pulpwood 
operators sell the larger logs hardwood sawmills. 


and corrugating medium. For all such 
uses mixed with softwood pulp 
varying proportions. 

All but one the pulp corpora- 
tions operating Washington State 
that are not now pulping alder have 
indicated serious interest the fu- 
ture use the species. The probable 
expansion the utilization alder 
indicates that within few years the 
quantity required for pulping will ap- 
proximate the annual growth com- 
mercial red alder stands the Pacific 
Northwest. These stands are limited 
low-altitude coastal areas Oregon, 
Washington, and British Columbia. 


Availability Alder 
The available supply red alder 


cannot now accurately stated, be- 
cause timber inventories have almost 
entirely ignored this species until the 
past two years. Comparing the reported 
total acreage alder timber west- 
ern Washington with the acreage and 
volume two counties which the 
species has been accurately inventoried, 
estimated 425,000 cords per year 
appears available for use pulp- 
This, however, based upon 
utilization the total quantity that 
available and accessible, but 
ing fifty million board feet annually 
for sawlogs. 


The figure predicated upon 
forty- fifty-year rotation, which 
generally considered optimum for red 
alder the few foresters who have 
reasonable knowledge the growth 
and yield this species. sawlogs 
are the primary consideration, 
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tion fifty sixty years may pref- 
erable. the best lowland alder sites, 
managed primarily for pulpwood, 
thirty-five-year rotation may the 
most productive. 


The predicted future utilization 
red alder the Pacific Northwest 
points situation which this spe- 
cies will managed sustained- 
yield basis, and which the maximum 
allowable cut will needed forest 
industries. 


The yield average upland acre 
northwest forest land that has soil, 
moisture, and altitude conditions well 
adapted red alder estimated 
8,200 board feet sawlogs and 
standard cords pulpwood when 
clear-cut forty-year rotation. 
the tops trees used for sawlogs are 
converted into pulpwood, 
tional seven cords will result. The best 
lowland alder sites should yield more 
heavily. 


Alder Harvesting Methods 


Harvesting red alder, present, 
done almost entirely small, inde- 
pendent loggers, and farmers who 
harvest the species from their own 
woodlots. Within the past two years, 
very considerable sum 
added northwest forest earnings 
through cash payments pulp opera- 
tors these independent pulp cutters. 
One pulp mill paid farmers and small 
loggers $776,000 for alder pulpwood 
during the first six months 1956. 

Pulp corporations generally find 
more economical purchase alder 
pulpwood from independent loggers 


than harvest this species from cor- 
poration land with 
nel. some cases, pulp corporations 
have contracted with independent log- 
gers harvest alder pulpwood from 
corporation-owned forests. 


Nearly all the alder produced 
the northwest for either pulpwood 
sawlogs the form eight-foot 
logs. The general 
tions for pulpwood range from six- 
inch minimum twenty-inch maxi- 
mum the smaller end. Sawlog pur- 
chasers usually specify ten-inch mini- 
mum diameter, with maximum 
limit. 

may reasonably predicted that 
the rapidly increasing use alder for 
pulpwood will generally advan- 
tageous northwest hardwood saw- 
mills. Sawmills prefer larger logs be- 
cause greater proportionate yield 
clear lumber than can produced 
from smaller logs. alder areas are 
harvested for pulpwood, high pro- 
portion the larger logs should logi- 
cally sold sawmills, because saw- 
logs bring better prices than does 
pulpwood. 


Qualities Alder Wood 


Alder tends contain few defects 
for use pulpwood. Growing trees 
seldom have rotten hearts, except 
over-age trees. discoloration, gener- 
ally known “red preva- 
lent some areas, but this stain ap- 
parently does not indicate deteriora- 
tion wood fiber. definite de- 
fect sawlogs, since furniture manu- 
facturers insist uniform coloration 
lumber. 


The species distinctly phototropic, 
which results high percentage 
leaning trees, particularly pure al- 
der stands. Trees that grow ex- 
treme angles, however, normally have 
straight boles, although considerable 
amount reaction wood usually 
formed. These bands tension wood 
create difficulty felling alder and 
sawing logs, but pulpwood they 
may have tendency slightly in- 
crease the cellulose content under cer- 
tain methods pulping. 


Future Use Red Alder 


Based upon the rapidly 
use red alder for pulping 
Pacific Northwest, and upon continuec 
demand for alder lumber 
manufacturers, may safely con 
sidered that this species has 
definite place the forest product 
economy. 

Forest owners and managers are 
coming aware red commer 
cial value, indicated somewha 
higher stumpage prices for the specie: 
and recent alterations 


NOVEMBER, 195° 


q 
q 
Gg 
q 
7 
q 
| 


management plans retain red alder 
component managed forests. 


Organizations professional for- 
which ignored red alder the 
now include this species for- 
nal discussions and publications. 
‘ew recently registered 
Pacific Northwest consist almost 
red alder and other native 
species. longer land- 
wners offer free alder timber any- 
one who will remove from the land. 
1956, there were least two tres- 
Cases against persons who cut al- 
without the permission. 

Pacific Northwest forest type maps, 
the past government 
agencies and timber owners, desig- 
cut-over areas that were not re- 
with softwood species 
proportion such lands located within 
ihe growth range red alder carry 
mature immature crops that spe- 
cies. Many recent type maps now iden- 
tify such land, quite properly, hard- 
wood-type areas. 

The immediate future may develop 
distinctly new uses for red alder. 
aggressive, hard-working committee 
appointed the Northwest Hardwood 
Association investigating wide 
wood-users determine the best pos- 
sibilities for market extension. New 
outlets for alder, sufficiently exten- 
sive and steady, would 
manufacturers this species from 
their present reliance upon single 
market—the west coast furniture in- 
dustry—which rather spasmodic and 
unreliable. 
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Discussion 


Dr. Wellwood (Univ. British 
Columbia): would like begin the 
questions asking Dr. Clark whether 
there are special problems barking 
alder pulpwood. 

Dr. Clark: believe can say the 
removal bark from alder pulpwood 
still the experimental stage. Two 
companies have been debarking alder 
and other hardwoods for year and 
half two years, each them using 
different type equipment with 
some degree success. However, 
each plant believe there some 
modification the process now con- 
templated. Friday, went out the 
Nicholson Manufacturing Co. Au- 
burn and saw demonstration bark 
removal from red alder and maple 
two different machines. One was the 
conventional rotary-type Nicholson de- 
barker. did excellent job re- 
moving the bark from both the alder 
and maple, but was inclined 
cause certain percentage wood 
waste. The other, much less expensive 
machine and extremely simple, called 
the Coon Hound Debarker, now about 
placed the market, did 
beautiful job with practically wood 
waste whatever. machine that 
can mounted sled and taken 
out the woods necessary. has 
total weight, including power 
plant, about two tons, and will cost 
the neighborhood $10,000. 
Oregon firm has been successful re- 
moving bark chemical debarking, 
using sodium arsenite 
and not using any mechanical means 
removing the bark. the process 
felling, loading, and transporting 
the mill, the bark almost entirely 
separated from the wood. Only one 
firm know doing commer- 
cially. are experimenting with it, 
but with much less success here the 
Puget Sound region than they are hav- 
ing down Oregon. 
due more our ineptness than 
geographical differences. 

Dr. Wellwood: had fairly 
extensive experiment British Co- 
lumbia two three years ago bark- 
ing Douglas-fir, hemlock, 
The results all three species were 
quite satisfactory, particularly alder. 
think, line with your com- 


Mr. Mottet (International Pa- 
per Company): What the price 
alder pulpwood the present time, 
and the price range for alder pulp- 
wood and sawlogs? 

Dr. Clark: good general average 
for alder pulpwood 
lengths delivered pulp mills about 
$16. Costs, including stumpage, labor, 
loading, and hauling average about 
$14. There may tendency, how- 
ever, for these prices rise slightly 
the future. Present users are getting 
material within short 
trucking distance their operations. 
The species growing 
everywhere western Washington, 
Oregon, and British Columbia. Mills 
obviously can draw for several years 
miles their plant truck. When 
those stands have been cut off, even 
they are regenerating, the buyers will 
have farther afield, establish re- 
load stations, and the cost the mills 
probably will higher rather than 
lower. 

Sawlog prices are 
The furniture lumber market and 
Southern California furniture manufac- 
turers are buying not. There are 
about 130 furniture plants that area, 
and they all work the same cycle. 
Presently the market about low 
has ever been. Lack new housing 
means lack furniture sales, and that 
means manufacturers are not buying 
lumber. When furniture makers are 
not buying, the sawmills are reluctant 
operate and log prices are low. 
would say that alder logs (ordinary 
woods-run alder logs) will average 
the mill about $30 $35 thousand. 
Selected larger logs may sell for 
high $50. Some sawmills have 
sliding scale based log diameter. 
Although there are recently adopted 
grading rules for hardwood logs, some 
buyers still ignore log quality and ac- 
tually buy size, justifying this 
the fact that they get more clear lum- 
ber. They claim that the larger logs 
give them higher percentage clear 
lumber. The present price range $30 
$50, with average perhaps 
$35. 

Anonymous: What possibilities 
you see using alder for plywood 
peeler logs? 

Dr. Clark: Well, that 
done. Sixty years about the 
mum age for alder, although there are 
many exceptions. You can say that al- 
der reaches commercial maturity 
years, which case you will get few 
logs more than inches 
diameter. Two firms Washington 
are now peeling alder. suppose each 
case might called somewhat 
mental. will have large logs from 
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mature stands for long time. With 
almost unbelievable rate 
growth good site, peeler logs 
inches diameter can grown 
sites. believe they will available. 
Anonymous: alder lumber availa- 
ble through the usual sales 
Dr. Clark: Very few retailers handle 
alder, and relatively few lumber 
wholesalers handle hardwoods. 
specialized business. There are three 
Portland, and perhaps two Seattle. 
There are several central Oregon, 
Eugene and other places, and there are 
number Los Angeles that handle 
hardwoods, either exclusively 
major part their business. The 
wholesalers buy their lumber from 
small mills and often arrange for the 


kiln drying and dressing that lum- 
ber. The small mill usually has 
kiln-drying facilities, facilities for 
planing, and often lacks capital 
carry the load selling and waiting 
days for its money, they 
choose sell through wholesalers. 
Some custom kiln-drying plants act 
wholesalers also. There are kiln-drying 
establishments the Northwest 
which small mill can bring its rough 
green lumber and sell for cash. The 
kiln-drying firm dries, surfaces, and 
sells the lumber, usually southern 
California, although there con- 
siderable market Seattle, Tacoma, 
and Portland for furniture. Marketing 
not perfect any means. The usual 
small mill may think the wholesaler 
making all the money, whereas the 


wholesaler may consider the mill un- 
reliable, thereby causing him trouble 
with his customers. Nevertheless, the 
wholesaler indispensible when you 
have number small mills. Ore- 
gon, Washington, and British Colum- 
bia there are over two hundred hard- 
wood sawmills. that group, there 
are probably that are producing 
regularly, that can supply orders 
practically all times, that know their 
costs, and have good equipment. 
not mean that the smaller mills fai! 
into entirely different class. 
the smaller mills are good 
turers, but generally speaking, th: 
saw alder for three months, and 
the market slumps saws hemlock 
fir, cedar, whatever can pick up. 


Research Program Determine the 


Advisability Engaging the Particle 


Board Business 
CLARK HERITAGE 


Consulting Engineer, Tacoma, Wash. 


Particle board may big profit booster but the business 
has many pitfalls. avoid them, thorough study such factors 
merchandising conditions, market selection, sales problems, cost 
comparisons and return investment must. Means recog- 
nizing and evaluating these problems and making the decision 
into the business are presented. 


PARTICLE BOARD manufacture has 
been aroused, mill owner would want 
know how should about de- 
board would fit into his operation, how 
organize research program 
determine the advisability such 
venture and, decides ahead, 
how can best obtain the necessary 
engineering talent and assistance for 
planning the size plant, the type 
board and the manufacturing 
method. This paper will discus- 
sion these problems, that 


the FPRS Northern California 
— Meeting, May 2-3, 1957, in Berkeley, 
Calif. 
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interested concern person can arrive 
into the particle board business, 
and, so, how about it?” 

The term research the title this 
paper used its broadest meaning, 
and includes researching markets, raw 
materials, processes and equipment, 
capital costs, sales income, cost sales 
and earnings—in short, all the techni- 
cal and economic aspects new 
business. 

Consideration will limited 
business based open-market mer- 
chandising, and will not attempt 
include the kind usually referred 
captive, that integrated vertically 
consumer goods such furniture. 

Only the major factors will pre- 
sented, logical sequence, without 
much attention the many details. 

First, must kept constantly 
mind that the research goal estab- 
lish successful, continuing commer- 
cial business. Business success encom- 
satisfied customers, pleased 
shareholders, contented employees, and 
friendly communities. The 


terion success, namely satisfied cus- 
tomers, furnishes the foundation for 
the other three. Without satisfied cus- 
tomers there order file, and 
without order file there busi- 
ness regardless any other considera- 
tions. customers and merchandising 
will discussed first see what 
knowledge needed and then how 
may acquired. 

statement Harold Boeschen- 
stein, Owens-Corning Fiberglas 
Company, sets forth the customer 
viewpoint splendid manner. 
says: 

“Either our materials must job 
that other material can effec- 
tively. for the same price 


must perform better than competitive 


teristics must enable the 
using Fiberglas make corollary 
ings not possible with other materials 


Merchandising Factors 


What are the principal merchand 
tain adequate order file? There 
three them that are absolutely 
essary, others perhaps desirable. 
three are: product value, consun 
demand, and product availability. 
product has outstanding value, 
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consumer knows about and prefers 
it, and readily available when 
and where wants it, the operation 

these three necessary conditions, 
value will achieved ahead 
the other two, attention will 
mainly what must 
about product value. 

When consumer customer 
pends money for product, ex- 
the product perform according 
the price paid. performance and 
price make value. Dealing with per- 
first, for any chosen use, 
how can the level performance that 
product provides recognized, how 
can satisfactory level specified, 
and can proven that this level 
has been accomplished 

Consider what the use 
requirements really are. The consumer 
may neither scientist nor engi- 
neer, but does know his require- 
ments expressed ordinary language. 
Through desk and field studies 
various kinds, this basic information 
must drawn out. 

This analysis has many items 
and unwieldly, those require- 
ments which are mandatory the 
business succeed will sorted 
out. Other requirements are plus 
minus values the case may be, and 
will tip the scales one way the 


other meeting competition. 


These mandatory requirements are 
met providing product that 
emphasizes the needed combination 
technical properties. Put another way, 
the use requirements must con- 
verted into product characteristics criti- 
cal the desired performance. These 
properties are many kinds. They 
may properties assembly con- 
taining the product, the product 
itself used the customer, 
the material which the product 
made. 

They may basic engineering prop- 
erties practical performance proper- 
ties. The best correlation made, and 
list essential properties prepared. 

The next job logical sequence 
express the values these prop- 
erties numbers, which once 
quires the selection development 
test methods adequate for the purpose. 


With the essential property values 
expressed numerically, ideal prod- 
uct specification may assembled that 
describes factually product per- 
fect performance. such result has 
ever been attained commercially for 
any product. There are diametrically 
Opposed requirements compro- 
mised. There manufacturing cost 
versus the price the consumer can 
pay. near-perfect product 
very apt price the producer out 


the market altogether. The product, 
however, must equal exceed the 
performance competition factored 
for price. 

the final step modify the 
ideal specification practical one 
the basis the many factors perti- 
nent the modification. When the 
practical specification met de- 
termined product tests, the producer 
will, the best his ability, have 
given the consumer attractive per- 
formance both judged objectively 
the requirements, and compared 
with competition. 

sum up, each use has its own set 
requirements and each requirement 
its own set product properties 
characteristics. Requirements and prop- 
erties should not confused; uses 
have requirements, products have 
properties, both closely interrelated yet 
different kind. Omitting require- 
ments and jumping directly prop- 
erties can sometimes result 
viding unsatisfactory product 
performance, which leads lot 
customer trouble. 


Market Selection 


Next comes the problem selecting 
the broad markets, and the uses within 
those markets which efforts are 
concentrated. The choice involves 
the appraisal many market factors, 
few which will mentioned 
briefly. Efforts must greatest 
benefit customers and producers. 
doesn’t pay afraid compe- 
tition, but there not too much 
gained deliberately choosing the 
most competitive uses, least begin 
with, because good growth potential 
wanted. Some kind unique ad- 
vantage should offered. make 
the best choice uses necessary 
level, freight costs, and consumption 
volumes and trends. 

Delivered price, that is, the cus- 
tomer’s cost, the other factor 
product value, and secondary only 
performance. The producer en- 
titled fairly paid for the level 
performance provided, but must 
governed largely the competitive 
price level both for particle board and 
for unlike competitive products, and 
the potential customer’s judgment 
what constitutes fair price. The 
customer knows how much can 
afford pay keep his own cus- 
tomers satisfied and his shareholders 
pleased, and will not backward 
about saying so. 

What then, have been the price 
trends for the various uses, and what 
price level appears safe assume for 
the not too distant 

Particle board currently produced 
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somewhat denser than lumber 
plywood, so, because freight cost, 
the geographical regions which 
business will done primary 
concern. The particle board industry 
well decentralized and becoming more 
each year. not impossible, but 
nevertheless unlikely, that 
formance will outstanding that 
customers will willing, can af- 
ford, pay for long hauls distant 
regions as, for example, $34 more 
per sq. ft. 34-inch, board, 
west coast east coast. Business 
should close home possible. 
Specifically, then, who going buy 
the product and where his business 
located 

Also particular concern vol- 
ume, present and future, classified 
regions and uses. What developments 
are the horizon that could affect 
over-all consumption favorably un- 
favorably? Are the industries that take 
our product growing? 
per capita use expanding? which 
regions population increase greatest 
After all, the hard fact that volume 
must come from either: 


increased population, 
increased per capita use, 
beating competition. 


So, how tough the competitive situ- 
ation each region, for each use? 

With understanding these 
matters, choice the markets and 
uses which specialize may 
made. Then the decision can made 
the types board that will make 
our product line, their specifica- 
tions, and their variety size, thick- 
ness and density. Samples competi- 
tive products can then procured 
the open market determine the level 
customer performance that others 
are achieving. 


Sales Income 


Now, the answers all these mer- 
chandising questions lead the key 
objective the research program, 
namely, what the annual dollar 
sales income, f.o.b. the plant? 

Where can the answers all these 
questions gotten? From the only 
ones who can furnish the informa- 
tion, the potential customers. Ask each 
them what must known, and 
from their answers. put the income 
half the picture together. This 
market survey the field some- 
times attempted the principals 
the proposed new business. they are 
experienced this type research, 
the results may adequate. Usually 
side agency proven ability this 
particular research field the job, 
for other reason than that the 
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answers will factual and reliable, 
uninfluenced any one’s personal 
convictions. 


The agency should informed 
precisely possible the informa- 
tion wanted. The important elements 
are these: 


The present and probable future 
major fields use and the cor- 
responding product types and 
variety. 

The requirements for each use and 
the customers’ ideas product 
specifications. 

The superiorities and deficiencies 
presently used products. 

The present and future sales volume 
region, use, and product types. 

The present prices and price trends. 

The competitive situation, both like 
and unlike products. 

Freight costs regions. 

The probable best method mer- 
chandising and the corresponding 
selling expense. 

The proportion the total market 
that can probably obtained. 
The major hazards the sales end 

the business. 


From these findings, the company’s 
annual sales region and product 
variety can projected, the total 
which the desired figure annual 
dollar sales income, f.o.b. plant. The 
research program then over the most 
difficult hurdle. 


Cost Comparisons 


The next task concerns the projec- 
tion direct manufacturing cost, 
which means the cost goods the 
warehouse ready for shipment. This 
involves choice the unit operations 
that make the process, the produc- 
tion rate plant capacity, the raw 
tions, the selection types equip- 
ment and their arrangement, the fixed 
capital investment, the amount and 
source the utilities required, the 
projection the payroll, and, finally, 
the estimate manufacturing cost 
now and years hence. All these 
matters are governed basically the 
products and their specifications 
determined the market survey. 


The kind and quality the con- 
tinuing annual wood supply affects 
product quality, cost, and plant ca- 
pacity. Hence, precise knowledge 
this supply critical. Utilization 
residuals, either from forest, from log- 
ging, from the manufacture solid 
wood products, assumed 
favorable economics. Fortunately, 
wide variety species and kinds 
residuals has been proven use. 
These extend from planermill shavings 
one extreme round bolts the 
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other. Obviously, the least costly raw 
material should used that will meet 
product performance standards. There 
cheaper wood than residu- 
als. Logging and forest residuals may 
brought in, but these are such 
tegration with solid 
then the higher raw material costs 
must overcome specific offsetting 
factors. Suffice say that future 
annual wood supply allocatable the 
particle board plant should known 
factually running wood balance 
the operation that yields the mill 
residuals, taking field inventories 
residuals after logging after 
harvesting, the case may be. raw 
otherwise, adequate guarantees 
quantity and quality are even more 
necessary. 


With respect plant capacity, 
easy determine from recent publica- 
tions what others have done. The aver- 
age for open-market hot-press plants 
appears about 10,000,000 sq. ft. 
annually with few rated somewhat 
higher outputs. generally true that, 
new industry develops its markets, 
the earlier plants are expanded and 
larger new ones are built. Also, the 
competitive lines battle are drawn, 
prices stabilize lower level and 
larger plants may required bring 
manufacturing costs line. Plants are 
generally rated conservatively the 
design engineers, actual output soon 
exceeds rating. For these and other 
reasons, judgment and care must ex- 
ercised arriving future plant ca- 
pacity and the corresponding wood 
supply needed over period years. 


Assume the studies show there 
ample wood permit going into the 
particle board business. The effect 
projected annual sales volume plant 
size known from the market survey. 
reasonably satisfactory cent 
operation without getting into 
marginal marketing regions too high 
freight cost desirable. Total initial 
capital required for the business should 
moderate, but again the plant must 
large enough enjoy future com- 
petitive manufacturing costs. Finally, 
the capacity key piece commer- 
cial equipment may tip the scales 
down relative plant size. Such, for 
example, the machine 
station. Assuming nominal 4-foot 
per minute, for 34-inch board, 
one station 250-day year 
hours per day produces theoretically 
17,000,000 sq. ft. annually. per 
cent overall performance, 14,000,000 
the corresponding practical production. 
run fewer shifts increases all ele- 
ments cost except raw material. 


install two stations may involve pro- 
hibitively low cent capacity” 
operation prohibitively high total 
investment. 

With knowledge annual sales, 
wood supply, and approximate plant 
capacity hand, the choice the 
process and equipment next order. 
has become increasingly easy buy 
without the payment excessive op- 
tions, fees licenses, which corre- 
spondingly decreases the justification 
for the longer, harder route 
searching in. Thus assume decision 
buy in. Accordingly, experienced out- 
side engineering firms are given the 
limitations thus far developed, 
are asked for proposals that will sei 
forth process and equipment specifica- 
tions, estimate capital investment. 
projection product quality linc 
with selected uses, and 
estimate manufacturing cost. The 
judged adequacy, degree conti 
nuity materials flow, reliability, ver- 
satility, ease operation, ease con- 
trol, and, course, size the invest- 
ment. The most favorable proposal 
tentatively selected and 
search objective reached. 


Shareholders’ Interest 


There still are the shareholders 
please. They are pleased when the re- 
turn the investment adequate 
pay dividends comparable other in- 
vestments similar risk, and adequate 
finance future company growth. 

What then the risk the particle 
board business? This may perhaps 
summed this way: The particle 
board industry, which consists more 
than plants located states, pro- 
duced 1956 about 250 million sq. ft. 
products, tailored the use. The 
consumer received uniform shipments 
material that looks like wood, works 
like wood, and wood, stable and 
attractive price relative requirements 
and relative competitive products. 
resolve this matter quickly, assume 
per cent the shareholders 
fair return. half the earnings are 
plowed back into the business, then the 
earnings that remain after all costs and 
taxes have been paid should about 
per cent the total investment. 
This total consists two kinds 
money, that which fixed land 
buildings, and equipment, 
which works every day the conduct 
the business after has been 
stabilized. 

There third kind money that 
required get the business going 
even keel. called start-up 
This money must provided 
someone, and, although accounting 
practices vary, basically the use 
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must paid for and the principal 
must paid back. The amount can 
small substantial, depending 
management policies and engineering 
designs. For example, very low labor 
costs are essential, designs not 


ously commercialized will likely in- 
corporated that will require more 
shake-down expense than does conven- 
tional design. 

The outside engineering firm will 
the fixed capital cost estimate com- 
plete, ready operate, and, knowing 
the projected size 
working capital needs may calcu- 
lated and start-up money estimated. 

The annual operating statement may 
then set up. The mill income 
has been determined from marketing 
studies, and the direct manufacturing 
cost into the warehouse from the en- 
gineers. There remain the additional 
expenses warehousing and shipping, 
selling, which will substantial, 
research and development, without 
which have little insurance for the 
future, and other top management 


Hardwood Resources Michigan and Their 


Current and Potential Uses: 
PAUL GUILKEY 


Lake States Forest Experiment Forest Service, U.S. Department Agriculture 


functions not included direct manu- 
facturing. This grand total expense 
subtracted from income, gives earnings 
before income tax. These earnings di- 
vided two provides the after tax 
earnings figure with which the share- 
holders will pleased displeased. 
the assumiptions are reasonable and 
this figure per cent better 
money invested, presumably the opera- 
tion will have the green light 
proceed. 


Decision Proceed 


The question now proceed with 
what? All the information, factual 
and otherwise, must now checked 
carefully. 


One matter extreme importance. 
this time, some laboratory boards 
will have been made and superficially 
tested. must now known with 
certainty whether the precise raw mate- 
rials that are used will, when 
processed proposed, produce prod- 
ucts that meet the specifications set 


Survey hardwood area, volume, quality, growth, and cut shows 
need for fuller utilization low-quality hardwoods. Forecasts in- 
creased demand for high-grade timber and for new products made 
from fiber, particles, and short cuttings from low-grade timber. 


TIME TIME the timber re- 
sources the Lake States region 
comes for discussion. The area cov- 
ered may range from single county 
group counties the entire 
Lake States region. The topic this 
paper the hardwood resources 
Michigan. Regardless the area cov- 
ered, the source the Forest Service 
information the same—the timber 
resource data compiled the Forest 
Survey. The completeness 
ability the timber resource informa- 
tion for given area depend upon the 
progress the Forest Survey. The 


Presented the 1956 Spring Meeting the 
Grent Lakes Section, FPRS, Manistee, Michigan, 
April 26-27. 

Maintained cooperation with the Univer- 
sity Minnesota St. Paul Minnesota. 


Chief, Division Forest Management, the 
Forest Experiment Station, Ashe- 
ville, North Carolina. was with the Lower 
Forest Research Center, East Lansing, 
when presented his paper. re- 
ceived B.S. from Michigan State University 
and M.F. 1946. Guilkey entered the 
Forest Service 1947, and has worked the 
Forest Survey in Minnesota, Wisconsin, and 
Michigan. 


Forest Survey Michigan 
along, with per cent the field- 
work complete, but much the final 
information not now available. The 
fieldwork will finished June 
1956, and the final report should 
available during the year. The 
final totals will slightly different, 
but they will not affect the trends 
discussed. while the final Forest 
Survey report not available, the in- 
formation compiled for Michigan for 
the TRR (Timber Resources Review) 
complete enough broadly inter- 
preted. 

the message the timber 
situation the United States. The For- 
est Service, with help from the states 
and the forest industries, spent about 
year and half carrying out field 
surveys and collecting data, and an- 
other year compiling the informa- 
tion and preparing preliminary reports. 
This paper will brief “State 
the message—a summary the 
hardwood resources Michigan. 
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provide the required product per- 
formance. The necessary know-how 
run particle board business must 
acquired. The effect product char- 
acteristics the major independent 
variables raw materials, unit opera- 
tions, and equipment must known, 
because upon this knowledge depends 
primarily the future success failure 
the venture. Fortunately, there are 
now agencies that are experienced 
doing these things and have the facili- 
ties carry particle 
through the pilot plant stage. The serv- 
ices one them should engaged, 
and through constant contact with their 
work, the necessary know-how may 
acquired. 

this work proves that the required 
goods can produced and delivered, 
the final appraisal all other factors 
that result income, costs and earn- 
ings can made. The business haz- 
ards are now known and the risk be- 
comes calculated one. The decision 
whether not into the particle 
board business can now made. 


Those factors pointing toward in- 
creased demand for wood the coun- 
try whole—a growing population, 
rising productivity per worker, and 
continuing high standard living 
operating Michigan. This 
growing demand for wood will in- 
crease the need for accurate and com- 
plete timber resource information 
the wood using industries the state 
are expand and diversify their oper- 
ations utilize more fully our hard- 
wood resources. The information 
needed will include forest area and 
timber volume, quality, growth, and 
cut. 


Forest Area 


Michigan still forested state; 
the 18,849,000 acres commercial 
forest land cover over half the total 
land area the state. Although the 
old Michigan pineries are still talked 
about, and more pines have been 
planted Michigan than any other 
state, hardwoods cover more area 
(Fig. 1). 

The 4.7 million acres pine, 
spruce, fir, tamarack, and cedar (all 
softwood types) amount quarter 
all commercial forest land. The 
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HAROWOODS 
NON- FOREST 
LAND 


Fig. 1.—Distribution Land Area 
Michigan, 1953. 


hardwood types other than aspen (the 
oaks, maples, beech, birch, elm, and 
ash) cover about per cent the 
forest land. The largest single forest 
type the aspen type, takes 
nearly per cent the area. 

Part each the above type areas, 
amounting about one-sixth the 
forest land area, nonstocked. 
less than per cent stocked with com- 
mercial species. Most this land 
covered with grass and brush. 


Hardwood Volume 


According the TRR, Michigan 
ranks tenth among the states when 
they are listed order hardwood 
sawtimber volume. 1952, Michigan 
ranked eleventh order hardwood 
sawtimber cut. The hardwood resource 
Michigan not only important 
within the state, but also large 
enough make significant con- 
tribution the national woodpile. 

terms woodpiles, the net vol- 
ume all hardwood growing stock 
5.0 inches and larger diameter 
Michigan amounts 95.4 million 
cords. Cut into 4-foot bolts, piled 
feet high and laid end end—a favor- 
ite sport pile would 
stretch for 144,545 miles. For those 
that like square piles, this would cover 
70,000 acres piled feet deep. Such 
figures are impressive, but they really 
much help evaluating our 
hardwood 

Fig. gives some ideas how 
this hardwood woodpile broken 
down species groups and tree sizes. 


Fig. 2.—Total Cord Volume Hardwoods 
Michigan, 1953. 


the total cord volume all 
hardwoods, 95.4 million cords, slightly 
less than half sawtimber-size trees 
(trees 11.0 inches and larger dia- 
meter). Slightly over half the total 
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volume pole-size trees (5.0 
10.9 inches diameter). The latter 
being pulpwood fence-post size. 

The volume red and white oaks 
totals 71/, million cords saw-timber 
trees and 6.7 million cords 
timber trees. Northern hardwoods, 
which include the beech, birch, and 
maple, present little brighter situa- 
tion regard size with million 
cords sawtimber and million 
cords poletimber. 

Fig. also indicates why bigtooth 
and quaking aspen timber, now among 
our most important sources pulp- 
wood, had wait for the paper in- 
dustry before received much atten- 
tion from the loggers. Much 
just too small for lumber. This 
some part reflection the low aver- 
age age aspen. Most less 
than years old. more important 
growing pine land where the soils 
are light produce good aspen. 
Those trees poor soils are largely 
cut, will rot and die the stump. 
This small, short-lived, and once de- 
spised species makes good share 
the total hardwood growing stock 
Michigan. 

Again referring Fig. and block- 
ing out that portion which aspen 
(above the dotted lines), can seen 
that the volume aspen only one- 
twentieth the hardwood sawtimber 
but makes one-third the total 
volume hardwood poletimber. This 
large quantity aspen, the relatively 
pure stands, and the lack sawtimber 
potential over much its area, mean 
that aspen will continue major 
pulp species. Much cord cubic 
coming from aspen, course, 
cannot considered when estimating 
the sawtimber volume that may 
available the future. 

The other hardwoods are definitely 
sawlog species, and the present net vol- 
ume hardwod sawtimber other than 
aspen adds nearly 141/, billion 
board-feet. Sugar maple the largest 
single species with 3.9 billion board- 
feet. The oaks are next with about 2.8 
billion board-feet. The soft maples 
make 1.3 billion board-feet, and 
the highly prized yellow birch totals 
1.2 billion board-feet. These volumes 
add lot wood, but where 
hardwood sawtimber concerned, 
quality just important quantity. 


Sawtimber Quality 


various parts the country, log 
have been developed com- 
mon units for expressing the quality 
sawlogs and standing timber. These 
take into account diameter, 


length, and character defects in- 
dividual logs. The usual objective 
express probable lumber grade 
covery when the logs are sawn into 
lumber. the Lake States, the Forest 
Products Laboratory Hardwood Log 
Grades were used evaluate the stand- 
ing timber (Fig. 3). 


GRADE GRADE GRADE 
I 2 3 
AND LOWER 


Fig. Sawtimber Quality 
the Lake States, 1953. 


The quality Lake States 
woods leaves much desired. 
per cent our hardwood saw 
timber makes Grade I—our blue rib- 
bon logs. Quite few more, per 
cent the total, make Log Grade 
But per cent the volume found 
Grade standard lumber logs and 
tie and timber logs. About all that can 
said for the Lake States hardwoods 
that they are just slightly better than 
the average for the Eastern United 
States. Our record 13, 27, and 
per cent compared 13, 20, and 
per cent for the Eastern United States 
whole. 


This high volume Grade has 
come about gradually and through 
number causes. The repeated occur- 
rence fire, disease, and insects has 
had much with the present qual- 
ity distribution. Economic conditions 
have favored cutting the best and leav- 
ing the worst trees stand. Many 
our young-growth stands originated 
stump sprouts, and not only have 
multiple stems poor form but also 
are subject heart rot. 


Timber quality continuing prob- 
lem. the Lake States, successive 1n- 
ventories log grades 1936 and 
1953 show that log quality decreas- 
ing. Twenty years ago the proportion 
volume Grade logs was 
again large now. This 
decline will continue unless more 
the timber cut comes from the 
quality trees. 


The picture not hopeless, however, 
since much the timber falls 
Grade because size alone. Our 
11.0- 15.0-inch trees are still too 
small contain any Grade logs; 
these size classes include half the 
hardwood sawtimber volume. 
share this volume, left grow, 
will produce Grade logs the future. 
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Timber Cut 


1952, the total cut all hard- 
wood species Michigan amounted 
million cubic feet. About two- 
this total—94.0 million cubic 
from sawtimber-size trees, 

the rest came from trees 5.0 
0.9 inches diameter (Fig. 4). 


ALL SAWLOGS, VENEER OTHER 
PRODUCTS 


Fig. 4—Hardwood Timber Cut Product 
Michigan, 1952. 


Slightly under 300,000 cords was 
cut for pulp, which nearly per 
cent came from trees 5.0 10.9 
inches diameter. 


Although veneer logs totaled only 
million board-feet 1952, veneer 
high value product and all 
came from sawtimber trees. The domi- 
nant species used are beech, birch, and 
maple for high-grade veneers, and elm 
for container veneers. 


all other products, the largest 
single one fuelwood. The amount 
all hardwoods going into fuelwood 
still exceeds the cut for pulpwood 
Michigan and the other Lake States. 
This true despite the fact that one- 
half two-thirds the wood used 
for fuel comes from nonmerchantable 
timber and not part these 
figures. 


summarize, these are the current 
uses Michigan hardwoods: far 
the bulk the timber cut still going 
into the traditional wood products. 
One-half all hardwood timber cut 
(two-thirds the sawtimber cut), 
being sawed into lumber for furniture, 
flooring, paneling, handle stock, and 
forth. The veneer market, while 
only small fraction the total cut, 
continues absorb considerable quan- 
tities high-grade lumber. 

The hardwood pulpwood market 
started from scratch few years ago, 
but already absorbing one-sixth 
all hardwood cut. Most the aspen 
goes into pulp, while the remainder 
used for excelsior, lumber, and cabin 

The new uses for wood that the 
wood chemists are continually develop- 
offer great deal promise, but 
yet are not consuming appreciable 
antities wood. 


GROWTH 
a 
ALL TIMBER SAWTIMBER 


Fig. 5.—Net Hardwood Growth and 
Timber Cut Michigan, 1952. 


Timber Growth 


timber growth and timber cut. The 
complex interraltionship growth and 
cut cannot analyzed adequately 
such oversimplification the prob- 
lem. Unfortunately, the growth-cut 
story too complex present 
simple bar chart. 


Anyone not familiar with the pre- 
sent forest situation could look this 
graphical presentation and get the im- 
pression that everything fine because 
growth exceeds cut. According Fig. 
there total growth 298 mil- 
lion cubic feet year and correspond- 
ing cut million cubic feet, 
only per cent the growth. For 
sawtimber, growth 723 million 
board-feet year and the cut only 
439 million board-feet year, just 
percent the growth. 


But before the hardwood resources 
are pictured satisfactory, one should 
talk the man who out looking 
for veneer logs, Grade sawlogs, 
hardwood piling, and trying find 
them stands running 10,000 
15,000 board-feet per acre. He, the 
man looking for and 5-stick aspen 
running over cords the acre, 
sure that the situation not very 
satisfactory. 

The truth that all too much 
this growth species that are not 
demand, poor trees that were left 
after logging, trees too small cut, 
and trees stands too poor for 
logger cut. The growth there, 
but right now isn’t all usable growth. 

This not say that the hard- 
woods are being overcut. The problem 
actually serious undercutting 
our poor hardwoods. More the poor 
timber must out order utilize 
the growth and increase the quality 
our hardwoods. 

Michigan, the future being 
built planting pine. But planting 
not the answer for hardwoods. The 
way out will better utilization 
the poor timber, which will make pos- 
sible better job management. 
Knowledge how cut our hard- 
woods available, but the bottleneck 
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utilization the poor timber that 
must cut give room grow good 
timber. 

The 723 million board-feet 
growth not the upper limit the 
future cut hardwods. Existing stands 
are growing the rate only 
board-feet per acre per year. Yet 
the Upper Peninsula there are stands 
under management that have been 
200 board-feet per acre per 
year. Some the better soils south- 
ern Michigan are growng 300 and 400 
board-feet per acre per year. One 
wouldn’t have get very far out 
limb say that, under good manage- 
ment, the hardwood growth could 
quadrupled. This increase possibil- 
ity. will become probability only 
after better utilization achieved. 


Potential Uses Hardwoods 


First all, with constantly in- 
creasing population increasing de- 
mand for the traditional hardwood 
products can expected. More lum- 
ber will needed for funiture, floor- 
ing, and other common products. The 
uses veneer are increasing now and 
will continue increase. About the 
only product for which declining 
use can anticiapted fuelwood. 
the other products just remain 
their same position our economy, 
the demand will follow the popula- 
tion curve. 

The last years the Lower Penin- 
sula tell the story the future use 
wood fiber. The paper industry 
started using aspen, and has used and 
will use hundreds thousands 
cords that would otherwise 
waste. For example, the American Box 
Board Filer City uses aspen 
exclusively its operations. Hard- 
board plants are being built Mich- 
igan that will use appreciable quanti- 
ties oak, aspen, and other hard- 
woods. Another product increasing 
importance the state particle 
board. 

important potential uses Michigan 
hardwoods are solid laminates, packag- 
ing, prefabricated log cabins, and wood 
boats. 

Perhaps important the con- 
struction new mills and factories 
the expansion existing plants and 
the changes being made the use 
hardwoods for both new and old 
products. 

Thus, continued expansion 
demand should expected for the old 
products that require high-grade tim- 
ber and rapid expansion into new 
products use fiber, particles, and 
short cuttings from low-grade timber 
may anticipated. 
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Trials with Laminated 


HOLMES 


Wood Products Engineer, Bell Telephone Co. Canada, Montreal, Quebec 


The factors involved leading the consideration laminated 
crossarms are described. The development waterproof glues 
during the last decade has given impetus experimental trials 
laminated crossarms the Bell System. Breaking-test results are 
given, and current specifications are reviewed. 


THE PAST when timber was plenti- 
ful and relatively cheap, crossarm 
users could specify select material and 
thousands the arms then furnished 
were manufactured from clear stock. 
recent years, however, because the 
increasing demand for top quality tim- 
ber for other uses, crossarm users have 
been forced liberalize their specifica- 
tions. Today would impracticable 
obtain any appreciable supply 
crossarms free from knots other 
defects. 


Moreover, the waste involved the 
production crossarms high for 
several reasons. The material must 
cut the sawmill special dimen- 
sions, and any stock not suitable for 
use cannot resawed standard di- 
mensions without considerable waste. 
Also, the waste due trim cannot 
utilized. 


All these factors have led the con- 
sideration laminated crossarms. 
Much less waste should result during 
manufacture due the use smaller 
dimension boards, which are usually 
good supply. Degrading the dry kiln 
would reduced with lumber 
smaller size, and season checking the 
eliminated. 


Bonding wood with glue is, 
course, old art, and the usefulness 
such products has general been 
dependent the strength the joints 
and the ability the glue main- 
tain strength service. Recently de- 
veloped highly water resistant resins 
that set moderate temperatures have 
made possible the production lami- 
nated wood suitable for use under se- 
vere service conditions, including ex- 
terior exposure. 


Preliminary Investigations 


1946, the Bell Laboratories began 
investigating the potentialities lami- 


Presented the Annual Meeting the East- 
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Montreal. 


The Author: Holmes has B.S. degree 
engineering. has worked with outside 
telephone plant systems for years. For the 
several years, has been concerned with 
aminating and preservative treatment wood 
used in poles, crossarms, platforms, ladders, and 
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nated crossarms. The arms were Doug- 
las-fir, and were made conform 
standard specifications far overall 
dimensions and boring were concerned. 
They were made three laminations 
approximately equal thickness 
(about 13% inches) cut flat grain, and 
the flat grain surfaces were glued to- 
gether with resorcinol resin glue. The 
top critical lamination was solid 
piece, but the middle and bottom lami- 
nations each were made three 
shorter lengths joined two finger 
joints each lamination. 


The strength tests these 10-pin 
arms were made with the 
equipment give equal loads 


each pin position. This apparatus, 
shown Fig. was adapted for 
ing 10-pin arms from earlier 
used for shorter arms. The results 
dicated that the laminated arms were 
least strong solid arms, 
that there was shearing along 
glue lines during the break tests. 
Some the arms were erected 
two test plots for outdoor 
tests, ten being installed Chest 
New Jersey and ten Limon, Colorad 
Five arms each test plot we: 
mounted the usual manner and 
were loaded with concrete bloc 
each pin position, total load 
Ibs. per arm. After 314 years 
posure, the arms were examined 
fully and was found that there 
less surface and end checking the 
laminated arms than standard creo- 
soted southern pine solid arms. The 
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Fig. equipment used for breaking-strength tests. 
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glue joints were firm, and several 
instances there was evidence weath- 
ering the glue the ends the 
arm. The weathering extended inward 
aot more than inch, and case 
was there any separation the 


Four these arms 
rested, and the random selection 
happened that three were ones that had 
loaded during the 314 years. 
There was significant difference 
strength between the three weighted 
and the unweighted arm. The re- 


sults the breaking tests are shown 
Table 


addition the strength tests, 
cross sectional samples, 
thick were cut from the arms 
for weatherometer tests. After 
months’ exposure the 
the sections were examined deter- 
mine there had been any loosening 
the glue lines. all twenty-eight 
sections, the glue joints were tight and 
showed adverse effects from the 
weathering. This test was severe that 
the surface wood fiber had bleached 
and loosened due the extensive soak- 
ing and drying the samples. 


Field Trials 


1951, the investigation lami- 
nated crossarms was continued when 
shortage suitable stocks cross- 
arm lumber was becoming real con- 
cern. latge Texas manufacturer was 
interested the development and con- 
structed pilot plant for laminating 
southern pine lumber. Design require- 
ments were established for two types 
arms, and over 100 experimental lami- 
nated arms were produced. The 10- 
foot arm was made with either three 
five laminations. The 6-foot 
dead-end arm was made from six lami- 
nations. These arms were shipped 
the Bell Laboratories for tests deter- 
mine both bending strength and 
strength glue lines. 


The arm appeared the most 
promising for field trial, and was se- 
lected for production. special di- 
mension arm, inches wide and 
inches deep. This caused manufactur- 
ing difficulty because was not possible 
get crossarm inches wide from 
assembly nominal 4-inch-width 
boards. 


had been found the strength 
tests, however, that the laminated 
made from kiln-dried southern 
pine lumber was considerably stronger 
‘han the standard green, steamed, solid 
outhern pine arm. was therefore 
elt that the width the laminated 
could safely reduced 314 
Even with this reduction 


Table 1.—COMPARATIVE STRENGTH SOLID AND LAMINATED CROSSARMS 


Species Type Construction 
Douglas-fir 10B Laminated 
Douglas-fir*_ _ 10B Laminated 
Douglas-fir 10A Laminated 
Southern 10B Laminated 
Southern pine Solid 
Southern pine Solid 
Southern pine Laminated 
Southern pine Laminated 
Southern pine Laminated 


Maximum 
average load 
Cross per pin wire 


N section position 
test tested (inches) (pounds) 
1946 460 
1947 490 
1951 490 
1946 
1947 590 
1951 420 
1951 470 
1949 10 334 x5 1000 
1951 1150 
1953 1191 
1954 1194 


*After 314 years outdoor exposure with a constant load of 60 pounds per pin. 
figure 460 pounds per pin for type 10B solid Douglas-fir arms converted 380 pounds for 


type 10A. 


(Basis: Bell System Monograph B-1563 Eggleston) 


{Broken by “whiffletree’’ as 10A arm. 


some per cent stronger than the 
standard solid arm. 


More than 8,000 these dead-end 
crossarms were produced. They were 
per cent penta petroleum solution 
and shipped various operating tele- 
phone companies the Bell System. 
The reaction the field forces was ex- 
cellent. arms were approximately 
per cent lighter than solid ones, 
which was appreciated the linemen 
who installed them. The weight reduc- 
tion also resulted considerably lower 
freight charges. The comparable ship- 
ping weights are shown Table 


Table 2.—COMPARATIVE SHIPPING 
WEIGHTS SOLID AND LAMINATED 
SOUTHEN PINE CROSSARMS 


Basis Average Moisture 
(number weight content 
Construction of arms) (pounds) (per cent) 


The laminated arms have remained 
straight and relatively free from check- 
ing, and reports from the field indicate 
they are performing very satisfactorily. 


Specifications 


Before outlining the current Bell 
System specification that has been 
evolved from all the test results, ex- 
planation should made the 
loading stresses crossarm. 


The vertical loads crossarm oc- 
cur from the weight the wires, plus 
the weight ice the wires. The 
loads are distributed accordance 
with the pin positions the arms. The 
load affected the span lengths be- 
tween poles and also any 
downward change grade, which puts 
additional stress the crossarm. 
radial coating ice the 
wires considered heavy loading. The 
ice-loaded condition occurs only for 
relatively short periods time and 
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infrequent intervals. The normal load 
the arms consists only the weight 
the wires. Occasionally, the weight 
ment diagram 10-foot Type 
crossarm. The arm supported the 
center bolt hole, and two crossarm 
braces are used counter balance un- 
equal loading. The braces are always 
put during testing, but actual 
breaking loads not considered they 
contribute significant support. Under 
this manner loading, the upper half 
the arm tension and the lower 
half compression. Also, can 
seen from the moment diagram, the 
stress the ends the arm much 
less than the center. These conditions 
are recognized specifying the allowa- 
ble defects. 


The permissible species are Douglas- 
fir, western hemlock, western larch, 
southern pine, and the Bell Tele- 
phone Co. Canada, jack pine, lodge- 
pole pine, and red pine are also 
included. 


Design and Dimensions. The arms 
tions, and the top lamination may not 
less than inch thick. Glue line 
surfaces shall parallel with the nar- 
row face the arm, and scarf and 
finger joints are permitted certain 
locations. The location joints has 
not been fully decided on, and awaits 
further breaking tests. The present 
thinking that one joint will per- 
mitted the top lamination, provided 
that between the end and 
inches from the end. Other joints 
the laminations the top half the 
arm will limited two, and these 
must not between the brace bolt 
holes. Laminations the lower half 
the arm will permitted have 
any number joints, providing 
part any joint one lamination 
located within inches any part 
any joint adjacent lamination. 
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Prohibited Defects. Brashness, 
cross-breaks cracks, decayed knots, 
unsound knots and knots more than 
inches diameter, honeycomb, 
pitch seams, red heart, rot, and shakes 
outside laminations are prohibited. 

Limited Defects. the outer sur- 
face the top lamination, checks may 
not exceed inches length. Checks 
along the same line grain appearing 
adjacent pin holes are not permit- 
ted the top lamination, but are al- 
lowed the bottom lamination. 

Compression wood prohibited 
the top and bottom laminations. 

General Slope Grain. The maxi- 
mum slant grain any face shall 
not exceed inch inches length 
the middle section the top lamina- 
Localized deviation grain 
not more than inch inches 
length permitted. 

Insect holes shall not exceed 3/32 
inch diameter the top bottom 
lamination the edges other 
laminations. 

Knots (except spike knots). the 
top lamination, single knots 
inch diameter the middle section 
and inches the end sections are 
permitted between hole zones, and 
inch and inch respectively, hole 
zones. all other laminations, knots 
inches are permitted any 
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Fig. 3.—Sections and zones laminated 10A crossarm. 


location. Fig. depicts the sections 
and zones arm. 

arms, the maximum diameter 
single knots between hole zones 
the middle section the top lamina- 
tion restricted inch. 

Spike knots are prohibited the 


middle section the top lamination. 


Elsewhere top and bottom lamina- 
tions, the size spike knots shall not 
exceed the diameter allowed for 
other knots. 

part knot larger than that 
permitted any hole zone allowed 
within hole zone boundaries. Only 
firm knots are allowed the edges 
any lamination. 


Pitch Pockets. the top lamina- 
tion, two pockets not over inch 
wide and inches long are permitted 
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Fig. 2.—Moment diagrams for beveled 10B crossarm: 


Graph 1—Resisting moments clear, straight-grained, 
arm. Fiber stress assumed 6,000 psi. 
Graph 2—Bending moments from concentrated load 871.5 
pounds end pin hole. 

Graph 3—Bending moments from load 348.6 pounds 
each pin hole. 

Graph 4—Bending moments from load 317.3 pounds 
each pin hole. 
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two pockets having equivalent area 
less than inch wide. other 
laminations, one pocket over inch 
wide and over inches long, and 
pockets inch wide and under with- 
out limit number locations are 
permitted. 

Pitch streaks shall not greater 
than 1/6 the width 1/3 the length 
any lamination. 

Discolored streaks fiber 
tions western hemlock arms, com- 
monly known some- 
times containing bark resin and 
caused insect damage, are 
provided they are not greater num- 
ber size than permitted for pitch 
pockets. 

Shakes and splits are prohibited 
the top lamination and are restricted 
other laminations 1/5 the length 
the arm. 


Warp. arms for carrying long- 
distance circuits and dead-end arms, 
the maximum warp permitted 
1/10 inch per foot length, and 
arms for carrying local circuits, 
1/5 inch per foot length per- 
mitted. 


Open Glue Lines. Openings any 
one glue line that includes both sides 
and the ends the arm are permitted, 
provided that there are more than 
four openings inch long and inch 
deep, two openings inches long 
and inch deep the equivalen: 
(that is, two openings, inches long 
inch deep). 

The edges and ends all lamina 
tions shall alignment, 
that lamination may have 
inch provided that the inset 
not extend for more than inches 
side. 


shall clean and free from oil, dus 
other matter that might preve: 
satisfactory gluing. Laminations sha 
machine finished, but not 
sanded, smooth surface and 
uniform thickness. Warp, twist, 
other characteristics that will 
vent intimate contact adjacent glu: 
faces when under 
are not permitted. 
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The moisture content any lamina- 
tion shall not exceed per cent just 
prior gluing. 


Table 3.—BREAKING TESTS LAMINATED JACK PINE AND POPLAR ARMS 


the assembly. The spread shall not 
‘ess than pounds adhesive per 
square feet surface each 
each lamination. 

Assembly pressures not less than 
150 psi nor more than 200 psi shall 
applied over the entire length the 
arm. 

Curing may either heated 
atmosphere electronic heating. 
the former case, temperature 
110° shall maintained the glue 
for not less than hours. the 
latter case, both temperature and pres- 
sure shall maintained until adhe- 
sive completely cured. 


Preservation. Preservatives may 
coal tar creosote per cent penta- 
chlorophenol petroleum solution. 

Southern pine arms must pressure 
treated, but Douglas-fir, western hem- 
lock, and western larch may pres- 
sure non-pressure treated. 

Retention southern pine arms 
must not less than creo- 
sote 0.3 Ib. dry pentachloro- 
phenol per cubic foot wood. There 
are retention requirements for other 
species. 

the Bell Telephone Canada 
specifications, jack pine, red pine, and 
pine are also included. 
specified that these species pressure 
treated the same net retentions 
preservatives for southern pine. 


Penetration. The penetration 
least per cent the arms shall 
not less than per cent the total 
sapwood boring, taken completely 
through the arms from bottom just 
short the top, the arm contains 
sapwood, the longitudinal penetra- 
tion from holes and ends shall not 
less than inches. 


Cleanliness. All surfaces shall 
free from exudation preservative, 
blooming (surface crystallization 
pentachlorophenol), and from greasy, 
sticky, tarry materials, except for 
isolated minor streaks patches 
unclean surfaces areas where there 
light fluid exudate (sweating). 


Results Further Tests 


The Bell Telephone Co. Canada 
has programmed field trial lami- 
nated jack pine arms, and the North- 


*Calculated load per pin. 


ern Wood Preservers Ltd. Port 
Arthur has undertaken produce 
2,500 them. The arms will manu- 
factured the foregoing specifications 
and will treated with penta- 
petroleum per cubic foot wood. 

January, 1957, five sample arms 
were produced, and these were sent 
the Bell Laboratories for breaking 
tests. Also included were one fir ply- 
wood and four poplar laminated arms 
made the Dominion Shuttle Co. 
These arms were broken means 
the and the 
results are shown Table For com- 
parison purposes, figures for southern 
pine and Douglas-fir laminated arms 
from Table are also included. ad- 
dition, results are shown for 100 solid 
jack pine arms that were tested the 
Ottawa Forest Products Laboratory 
1952. These arms were broken with 
single-center load, and the results are 
converted equivalent load per pin 
calculation. 

Two the laminated jack pine 
arms have been deleted from the re- 
sults because knots and open glue 
lines that did not meet the specifica- 
tions. The jack pine arms were made 
five laminations about 25/32 
inch thickness that the arms were 
slightly scant the nominal depth 
inches. these arms had been 
full nominal depth, the breaking load 
would have been greater. 

The general thesis that laminated 
arms are stronger than solid arms, 
which the case with the Douglas-fir 
and southern pine results, not borne 
out with the jack pine arms. This 
very small sample, however, and far 
from conclusive. 

The poplar arms were made five 
laminations. The top and bottom ones 
were approximately inch thick and 
the middle three were slightly more 
than inch thick. The roofing the 
top lamination reduced its thickness 
about inch except for the 12-inch 
unroofed section the center the 
arm. effect, therefore, was actu- 
ally the second lamination that took 
the main tension load. Also, has 
established that beveled Type 
arm will support approximately 
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per cent greater loads than roofed 
Type arm. was felt that, these 
arms were made with thick lamina- 
tion top, and they were beveled 
rather than roofed, they would proba- 
bly have taken higher breaking loads 
than they did. 

The design working stress for 10- 
pin Type arm 280 lb. per pin. 
considered, therefore, that the 
laminated arms are carefully con- 
structed meet the specifications 
knots, slant grain, and other limited 
defects, and the gluing properly 
carried out respect material, pres- 
sure, and curing temperatures, they 
will satisfactory from strength 
standpoint. 

respect appearance, the lami- 
nated jack pine arms are much supe- 
rior solid jack pine arms, with none 
the large seasoning checks that are 
prevalent the latter. Also, because 
the material kiln dried and 
smaller dimensions, there less tend- 
ency warp the larger solid 
billets. 

Over the last several years, span 
lengths have been increased with the 
development higher strength wires. 
Thus, greater loads have been put 
the crossarms. But the size the arms 
cannot increased because the di- 
mensions the hardware millions 
crossarms plant. Any additional 
strength that might obtained with 
laminated arms, therefore, highly 
desirable. 


Cross Max. avg. 
| : ; : ¢ Year of No. section load per pin 
: Adhesives. The adhesives shall be Species Type Construction test tested (inches) (pounds) 

Fir plywood 10A Laminated 1957 1 314x444 260 
amination except the outer faces 
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Chemical Control Hot-Press Urea- 
Formaldehyde Glue Mixes' 


ALEX ROSE 


Board Mills? Chemist, Gatineau Div., Industrial Cellulose Research Ltd., Gatineau, Que. 


The chemist chemical engineer hardwood plywood 
must given the equipment that will permit him design glue mixes 
best fitted the specific needs the plant, and interpret and con- 
trol their behavior under both normal and extreme conditions. The 
meter useful the viscosimeter and the shear tester. under- 
standing the development foam the glue mix essential 
control the mix under all conditions. 


GLUE-LINE RAW MATERIAL 
COST may amount most four 
five per cent production costs 
well-run hardwood plywood mill, 
reasonable chemist would 
glue-mixing department such mill 
major branch chemical industry. 
thus not surprising that small- and 
medium-sized mills Eastern Canada 
are largely dependent upon the urea 
resin suppliers for the initial selection 
glue mix meet their process re- 
quirements, and for adjustments the 
mix cope with variations raw ma- 
terials and operating conditions. 

larger mill has two more 
resin and flour suppliers, may ad- 
visable set control department 
for raw material inspection, supervi- 
sion glue mixing operations, and, 
usually, quality control finished pan- 
els. Other duties naturally develop 
the staff adequate and the laboratory 
well equipped for both chemical and 
mechanical testing. Nevertheless, such 
control departments are rare Eastern 
Canada. 

While the technical 
shooting services offered the resin 
manufacturers are highly commendable 
the light the allegedly small profit 
margins the sale urea-resin ad- 
hesives, these producers 
standably reluctant disclose their 
“trade either customers 
competitors. Even the most inquisitive 
control chemists not inclined 
analyze all the trade-marked 
prietary mixtures offered the suppli- 
ers catalyst systems for their resins 
their manifold applications. 


Presented the Annual Meeting the 
Eastern Canadian Section FPRS, March 
1957, Montreal, Quebec. 

Board Mills include International Fiberboard, 
Ltd.. Masonite Co. of Canada, Ltd., and Inter- 
Plywoods, subsidiaries Cana- 
dian International Paper Co., Ltd. 
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Thus fledgling chemist venturing 
into the plywood adhesives field would 
have some starting point for his 
glue formulations, assuming 
employer has least established rea- 
sonable limits glue-line cost and 
bond quality. this paper empiri- 
cal and reminiscent, rather than rigidly 
scientific and mathematical, with 
view assisting the chemist techni- 
cian who confused the conflicting, 
often contradictory, and somewhat 
biased claims the glue salesmen. 
Secondly, hoped that will goad 
the resin suppliers into publishing the 
more general very extensive 
research work, and, finally, that may 
provoke some badly needed controversy. 


Control and Testing Raw 
Materials 


The form which the urea-formal- 
dehyde resin supplied matter 
choice, but with minor exceptions the 
hardwood plywood mills Eastern 
Canada prefer syrup suitable for 
tank truck delivery per cent 
normal temperatures. The solids con- 
tent determined the PMMA 
method usually guaranteed the 
supplier, and the user may content 
with occasional check 
gravity (in lieu solids determina- 
tion) 

Viscosity particularly important 
the mill that runs high extension 
heavy flour, and may adjusted 
critical cases agreement between the 
interested parties. 

freshly made resin syrup, the 
free formaldehyde content drops dur- 
ing the first week two, and levels off 
some value between and per 
cent. resin that has not been 
ciently aged before use may cause 
ous, passing, difficulties. This par- 
ticularly true long pot life ex- 
pected from the glue mix summer 


temperatures, blood meal used 
the mix, 


not within the scope this pa- 
per discuss detail the highly com- 
plex chemistry urea resins and their 
behavior when they cure. From the em- 
pirical standpoint, these resins are re- 
ceived neutral systems (pH 7-8) 
that, addition ammonium salts 
other acid-liberating chemicals, con- 
dense with the evolution formalde- 
hyde and water rigid gels with ad- 
hesive properties. 


Since pure urea-resin gels tend be- 
come brittle and craze when they dry 
out, the addition inert fillers (wal- 
nut pecan shell flour, lignin, 
wood flour) amylaceous extenders 
(wheat rye flours) not merely 
means reducing unit cost improv- 
ing performance, but actually tough- 
ening the glue line. Without fillers and 
extenders, control spreadability, 
flow, and bleed-through 
difficult. 


100 airdry wt. flour 


Extension 
urea resin solids blood 


The plywood mills Eastern 
Canada, unlike their counterparts 
the United States, generally use high- 
protein, feed-grade flour 
spring wheats extender. These 
flours require the addition sulfite 
bisulfite make mixing possible. The 
amount sulfite required disperse 
cent protein flour may the order 
0.15 Any additional chemical 
functions means adjusting and 
controlling the acidity and pot life 
the mix. 


The whole question the perform- 
ance, specification, and acceptance test- 
ing extender flours worthy 
full-length paper. Suffice say that, 
other branches the chemistry 
natural products, much effort may 
wasted measuring the wrong 
variables. Protein and ash analyses, 
while helpful, not tell the whole 
story. There are indications that the 
texture the flour and the portion 
the wheat kernel from which origi- 
nates may more significance than 
minor variations protein content. 
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the International Plywoods mill, 
has been necessary set simple 
ste viscosity test, using 100 grams 
flour (dry basis) 175 grams total 
pius one gram sodium me- 
brand flour may, within lim- 
iter content the glue mix, but ex- 
ssively heavy flour may call for 
c.ange the resin-flour ratio 
extended mix, with resulting 


Empirical Chemistry the 
Extended U-F Glue Mix 


Before launching into discussion 
the selection and control glue 
mix, the functions the hardener 
catalyst, flour modifiers, retarders and 
other additives should briefly 
considered. 

every good organic chemist 
knows, ammonium salts react with for- 
maldehyde form hexamethylenete- 
tramine (hexamine for short) and the 
appropriate acid: 


4HX 


not surprising that most harden- 
ers ammonium salts. Other acid- 
forming compounds such magnesium 
fluosilicate are occasionally used. Am- 
monium chloride probably the most 
widely used salt. Ammonium sulfate 
preferred International because 
cheaper, less corrosive, and less inclined 
lump. 


Naturally, the acidity the mix 
any given moment will depend the 
proportions all the ingredients pres- 
ent. The effect the acid liberated 
the extenders and the resin itself 
tempered the buffering power 
all components present. 


When sulfites are used disperse 
the gluten the second and 
competing reaction with the free for- 
maldehyde present 
possible: 


HCHO Na,SO, H,O HOCH, 


simple experiment, with ammo- 
nium chloride and sodium sulfite 
proportions typically present glue 
mixes and excess formaldehyde 
solution, will indicate that reaction 
the more rapid. Any excess bisul- 
fite will act buffer once the availa- 
ble free formaldehyde has reacted with 
the ammonium salts present. 


simple glue mix containing urea 
salt strong acid, and just suf- 
sulfite bisulfite disperse the 

uten the flour will progressively 

cken and set rubbery gel. The 
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time gelation will depend all the 
variables and their interaction, tempera- 
ture, and agitation, any. establish- 
ing reasonable pot life for given 
glue mix, the use retarders, buffers, 
formaldehyde acceptors, whatever 
they may called, has become ac- 
cepted practice the case hot-press 
glue mixes. 

Sulfites, have mentioned, play 
dual role such cases. Sodium sul- 
fite (anhydrous) cheap, free-flowing, 
non-corrosive, and non-irritating, but 
the bisulfite metabisulfite often 
used. 

The use aqua ammonia (as the 
26° Beaumé per cent solution) 
retarder with ammonium chloride 
hardener was considered poor prac- 
tice decade ago. now widely 
used liquid catalysts. Whether 
not excess ammonia less detri- 
mental the water resistance the 
cured glue line than excess bi- 
sulfite matter opinion and 
good subject for further research. 

Where the user buys his catalyst 
the open market preference han- 
dling proprietary mixtures solutions 
from several suppliers, the storage and 
best hazardous and unpleasant. 
there are objections the use ex- 
cess sulfite the mix any grounds, 
however tenuous, there are other buf- 
fers retarders that are equally effec- 
tive. Magnesium oxide hydroxide, 
sodium thiosulfate and other com- 
pounds are economical, and such buf- 
fers tricalcium phosphate 
dium acetate have been suggested 
minimize precure the glue line 
loading. Urea crystal, amounts 
per cent the resin solids, 
used retarder and formaldehyde 
acceptor, particularly when there are 
complaints excessive evolution 
formaldehyde fumes during hot 
pressing. 

the International plant, the origi- 
nal catalyst system was ammonium 
chloride—sodium 
monia the ratio 2/2/3, but this 
was dropped favor the simpler 
and less objectionable ammonium sul- 
fate-sodium sulfite the ratio three 
five soon its effectiveness was 


established. 


Selection and Control the 
Glue Mix 


Many plywood producers who de- 
pend the glue suppliers for techni- 
cal advice begin operation with the 
splendidly symmetrical 100/100/100 
formula, that is, 100 parts each 
per cent resin, flour, and water, with 
perhaps two parts ammonium chlo- 
ride and one sodium bisulfite. This, 
practical value cold-press work, and 


requires the addition retarders for 
hot-press work and reasonable pot 
life. Such mix could readily ad- 
justed give 24-hour pot life with 
adequate speed cure, and, fact, 
similar glue has been used for panels 
with 1/32-inch faces oak, mahogany 
and other imported veneers for some 
time International. 


cost-conscious management de- 
cides that more highly extended mix 
will meet the requirements the mar- 
ket, the glue formulator will find that 
dealing with more sensitive sys- 
tems. If, addition, called upon 
develop mix with minimum pot 
range during this period that will per- 
mit easy handling, compelled 
exercise technical judgment some- 
what higher order. What tools has 
hand for this task 


Experience over the past decade with 
highly extended, blood-fortified urea 
mixes leads the conclusion—and this 
the crux the argument—that 
cosimeter development and control 
such mixes. Even when blood meal 
not used mix, the normal varia- 
bility resins and flours may such 
that the pH—time curve sufficiently 
informative save much time over 
cut-and-try methods. This 
larly true evaluating new resins. 
less important the role the 
meter detecting errors the part 
the glue-mixing staff. 


International, the Beckman Model 
meter and the standard Mac- 
Michael Viscosimeter have been used 
the principal tools development 
and control work. With the viscosi- 
meter, the No. wire, one-cm. bob- 
bin immersed cm. the sample, with 
cup speed rpm, corresponds 
calibration constant about 330 
cps. per degree MacMichael (°M.) 
when checked against the Brookfield 
RVF Viscometer. (The perils single- 
point viscosity measurements are fa- 
miliar all who have read the barbed 
comments but rheological 
problems are not troublesome 
simple flour-extended urea mixes 
some other adhesive formulations. 


Let examine more detail the 
extended, blood-fortified mix that has 
been proven satisfactory plant use. 
The curves Fig. are actually part 
resin. The formula was: 


Urea resin (65% solids) ~.................200 
Feed-grade flour (12% C.) 300 


1949. Industrial rheology and 
theological structures. John Wiley 


31-A 


4 
q 
q 
| 
> 
898 
7 


10 
Time, Hours 


Fig. and versus time for 
standard test mix. 


The distinct drop viscosity during 
the first two hours the fell from 
7.5 6.8, and the rapid increase vis- 
cosity the approached 6.0 were 
typical mixes that contained soluble 
blood meal. fact, 6.0 might 
nicknamed upper blood 
The lowest which this effect can 
occur will depend great many fac- 
tors, but seldom below 5.5. 

The addition five parts sodium 
thiosulfate 1.5 parts magnesium 
hydroxide this mix would extend 
the pot life about hours 
74° F., but eventual gelling would oc- 
cur even though the remained above 
6.0. This behavior yet un- 
explained, but may due the lib- 
eration more formaldehyde the 
urea resin complex, with the possibility 
reaction with any the protein 
matter present. 

Below the but per- 
haps overlapping some cases, 
what might termed the bar- 
Fig. portrays the results ob- 
tained with rather heavy feed-grade 
flour (17 per cent protein, 1.9 per cent 
ash) and well-aged urea resin 500- 
centipoise viscosity and 1.54 per cent 
free formaldehyde content. Curves 
and are for typical blood-fortified 
mix, and for straight flour mix, 
the catalyst system each case being 
adjusted shorten the pot life and 
emphasize the influence pH. 


A-B C-D 
Urea resin (65% solids) 200 200 
Spray-dried blood meal 

897 883 


the extension with high-protein flour 
considerably reduced, the range 
which thickening and gelation oc- 
cur may somewhat lower. Fig. 
curves and are shown the results 
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Viscosity, 74°F 


5 
Hours 


Fig. 2.—Viscosity and versus time for 
flour-blood mix and flour only. 


for mix similar C-D with flour 
that contained 10.3 per cent protein 
and 0.77 per cent ash. The water was 
reduced 100 parts. curves and 
shown the behavior low- 
extension mix made with flour 
slightly lighter than that mixes 
A-B and C-D. 
The mixes used were: 


G-H 

Urea resin (65% solids) 200 400 

782 1009 


has been assumed this work 
that gelling the blood and flour pro- 
teins occurs before any appreciable 
condensation-polymerization the urea 
resin begins affect the viscosity 
the mix. This does not exclude the pos- 
sibility mutual coagulation pre- 
cipitation effects. the case simple 
flour mixes, the thickening may due 
loss sulfur dioxide displace- 
ment bisulfite ion from the flour 
protein. this regard worth 
pointing out that, thickening has not 
proceeded too far, reduction vis- 
cosity almost the initial level can 
obtained addition large excess 
bisulfite, but not merely raising 
the 5.5 6.0 with ammonia 
other alkalis. other words, the 
effect not reversible unless bisulfite 
added. 

most this work, the objective 
has been minimum viscosity 
sents spreadable consistency. If, 
the case heavy flour, the viscosity 
adjusted adding extra water the 
mix, the pot life will considerably 
increased. the past, has been gen- 
erally taken rule-of-thumb that the 


Time, Hours 


Fig. and versus time for 
low-protein flour and low extension mix 


solids content highly extended 
should not less than per 
but this may not valid the 
satisfactorily spreadable mix 
very dry veneers. Only full-scale tesi- 
ing can clear this point. 

this point, the reader may 
that the complexity the subject has 
been somewhat overdrawn, 
the ground rules are essentially simple. 
However, there one factor practi- 
cal plant operation that not always 
obvious the uninitiated, but that has 
considerable bearing the choice 
glue mix. That factor closed assembly 
time (C. T.) 

glue mix, used 
bond veneers moderate moisture 
content per cent), may develop 
maximum shear strength closed as- 
layout the hot-press area precludes 
flour extension may both necessary 
and desirable. this not considered 
safe, then the use soluble blood mea! 
may the best expedient. 

Experience fully confirms the 
that proper balancing the resin- 
flour-blood ratio will permit the for- 
mulation mixes any desired 
quality with veneers widely 
moisture content, the threshho! 
the area where urea resins 
with melamine chemical 
resins take over. Furthermore, bloc 
meal makes possible the use 
with low-density species suc 
basswood and poplar without 
sacrifice bond quality. 

The usefulness blood meal 
press perhaps better appreciated 
the industry than the improvement 
can effect bonding dry, tightly 
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yellow birch veneers. this field, ex- 
full-scale tests have shown that 
other additive approaches blood 
neal efficiency this application. 
mix based 300 per cent 
resin and 300 lbs. flour has been 
shown inferior one containing 
200 resin, 300 flour, and 
blood meal when the criterion the 
shear strength, wet dry, across the 
and when reasonable wood fail- 
ures are called for. 

would not ungracious sug- 
gest that some furniture manufacturers 
who use low flour extensions 
against delamination com- 
plaints connection with the plywood 
components their products might 
advised use less resin and 
more blood meal achieve the same 
end more economically. 


Other Aspects Glue Control 


Foaming urea-resin mixes not 
universal problem, but with higher 
flour extensions and higher peripheral 
speeds the spreader rolls, foam con- 
trol may essential. blood used, 
foaming may confidently predicted 
modern, high-speed spreaders. 

Like many other producers, Interna- 
tional initially used pine oil amounts 
mixes containing blood. Variations 
sometimes necessitated the addition 
much Ibs. per batch. 

During the Korean War, pine oil 
was put under allocation and the sup- 
ply was cut from 3000 1200 Ibs. 
month. number substitutes were 
tested, and mixture containing about 
per cent pine oil, special syn- 
thetic resin, and kerosene filled the gap 
and also reduced the cost slightly. 

Later, casual remark glue 
salesman instigated cautious experi- 
ments with non-ionic detergents. The 


Dimensional Quality Control North 
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results were startling. little 
grams detergent 900 mix 
controlled foaming very effectively. 
seldom that more than 150 grams 
required. The first detergent tested was 
the nonyl phenol-polyethylene oxide 
type, with molecular weight about 
700, but other non-ionic types with 
different backbone structures proved 
equally effective. Other plants have 
used these materials non-blood 
mixes with satisfactory results and 
worthwhile reduction cost over pine 
oil. 

Control foaming integral 
part the problem adjusting the 
viscosity the mix the characteris- 
tics glue lines, pumps, and spread- 
ers. flat viscosity-time curve for the 
mix helps uniform glue spread. 

While the rheology simple flour- 
extended urea mixes not sufficiently 
complex troublesome the mat- 
ter pump and glue line selection, 
some understanding this phase 
glue behavior worthwhile. least 
will, conjunction with appre- 
ciation temperature and effects, 
minimize the tendency make adjust- 
ments the glue mix under 
conditions when trouble arises. the 
case urea mixes fortified with mela- 
mine chemical, translation lab re- 
sults the plant may appreciably 
smoother multi-point viscosimeter 
available. 


Summary 


Most hardwood plywood and furni- 
ture plants Eastern Canada depend 
the resin manufacturers for techni- 
cal control. Where plant has several 
resin and flour suppliers this becomes 
Variability raw materials 
and changes plant conditions may 
call for adjustments the glue mixes 
short notice. 


DONALD MAC RAE 


Plant Engineer, The Connor Lumber Land Co., Laona, Wis. 


Establishing department handle what would 
otherwise scrap material one way getting around 
troublesome waste problem. Eliminating much this waste 
mismanufactured material the first place can accomplished 
hiring and training competent personnel and keeping all ma- 
chinery good operating condition through frequent checks and 


repair. 


DIMENSIONAL QUALITY CON- 
TROL the production lumber 
‘rom northern woods depends upon 
factors. The selection good 


sawmill equipment with the proper 
installation and maintenance 
machinery very important. 

The selection operating person- 
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plywood plant chemist chemical 
engineer, given the necessary instru- 
ments, can design new glue mixes 
modify old ones meet specific needs. 
For this purpose the meter 
valuable adjunct the viscosimeter. 
blood meal used with high-protein 
flour highly extended mix the 
time curve more informative than 
the viscosity-time curve and save much 
effort over cut-and-try methods. 

Where small percentages soluble 
blood meal are used 
extended mix, thickening the mix 
usually begins between 6.0 and 5.5. 
high-protein flour alone used, 
thickening may begin between 
and 5.2, but low-protein flour 
used, the may reach 5.0 before the 
mix becomes unusable. Pot life 
mix may depend the solids content 
(and initial viscosity) well the 
rate fall with time, but for 
practical mixes knowledge this 
rate permits fairly accurate estimates 
pot life. 

The use soluble blood meal 
extended mixes leads shorter press 
time, shorter closed assembly times, 
better gluing tightly-cut yellow 
birch well low-density species, 
thus permitting greater flexibility 
plant operation. 

Recent developments antifoam 
agents for glues have led reductions 
chemical costs and greater conven- 
ience the glue room. Non-ionic de- 
tergents can replace pine oil even 
the most difficult mixes and the mecha- 
nism their action should 

Complete and effective design and 
control the glue mix the chemist 
chemical engineer will not pos- 
sible unless the resin manufacturers 
are willing take the user into their 
confidence and disclose more theit 
research results. 


nel, especially the key men, such 
head sawyers, resaw operators, edger- 
men, trimmermen, saw floor supervis- 
ors, lumber graders, millwrights and 
saw filers, and cooperation between 


ture, FPRS 11th National Meeting, June 23-28, 
Buffalo, 


The Author: Donald MacRae attended the Col- 
lege Engineering the University Wiscon- 
sin, and has had more than years experi- 
ence the sawmill and woodworking industry. 
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employees also are very important 
the sawing good lumber. 

the Laona mill, there 2-band 
and vertical resaw arrangement. The 
head saws are 8-foot bandmills, the 
saw are equipped with air 
dogging devices, and the blocks 
both ends are equipped with receding 
motors for better sawing tapered 
crooked logs. 

The resaw conventional 7-foot 
vertical machine arranged take stock 
from both bandmills. Transfer equip- 
ment arranged allow stock 
re-run through the saw; that is, 
8-inch cant can passed through and 
resawed into two 4-inch pieces. Then 
both 4-inch pieces can re-run cut 
each into 2-inch stock. 

There are two edgers the saw- 
mill, one arranged take lumber from 
each bandmill, while both can take 
stock from the resaw. Lumber from 
the resaw that does not require edging 
allowed directly the trimmer. 

The trimmer has saw arrange- 
ment that allows for cutting one- 
foot increments. The saws are raised 
lowered the operator the use 
compressed air. 


Sawing 


Before entering the mill, logs pass 
through spray-type log washer 
remove all possible grit and dirt. This 
prolongs the time between saw 
changes, and lengthens the life the 
band saws lengthening the period 
between grindings. During the winter 
months, impossible wash the 
logs because freezing conditions, 
but logs that have been skidded with 
snow cover the ground are quite 
clean and washing not necessary. 

When log loaded saw car- 
riage, the sawyer and setter, 
working team, see that the 
best lumber possible obtained from 
it. The cant log being sawed, must 


Fig. 1.—Belt conveyor center between 
edgers allows lumber that does not require 
edging directly trimmer. 
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held tight agaist the carriage blocks. 
piece bark other foreign 
matter lodges between the log and 
one the blocks, tapered board will 
result. Cuts must made fast enough 
get good mill production, but 
the other hand, over-feeding the saw 
will result snaky cutting lumber 
poor dimension. 

The sawyer must know how prop- 
erly position the log the carriage, 
and when turn get the best 
grade lumber. 

Taper cutting butt logs logs 
that are smaller diameter one 
end important. This done pull- 
ing the carriage block adjacent the 
large end the log back from the 
saw, allowing the log intention- 
ally cut taper. Longer jacket 
sap boards result, with the waste 
wood being shifted the less valu- 
able heart the log. Taper cutting 
crooked logs some cases also 
advantageous for the same reason. 

For better production, the sawyers 
the rigs” saw carriages, 
cut thick cants whenever possible. 
These are then sent the resaw 
cut thinner dimensions. Here 
again largely the resaw op- 
erator see that every piece cut 
the proper thickness. wrong po- 
sitioning the setting device means 
end result one thick and one 
thin board. 

After the resaw operation, the stock 
reaches the edgers and then the trim- 
mers. Good edging and trimming de- 
pend upon the sikll the operators 
the respective machines. 

The supervisor foreman the 
saw floor spends large part his 
time the rear end the mill the 
vicinity the trimmer. Here can 
check the dimension the lumber 
that being produced. For 
pose, uses ordinary caliper rule. 
When occastional miscut board 
found, sees that pulled off 
the re-work department. lumber 
wrong dimension comes along the 
chain any quantity, immediately 
checks the cause. 


Rework Department 


The grader the chain, most 
sawmills, works behind the trimmer. 
the finished lumber passes his 
station, any pieces that are mis- 
manufactured that can upgraded 
re-edging re-trimming are by- 
passed the re-work department. This 
accomplished pulling the boards 
endwise about foot, which allows the 
rollers mechanical lumber puller 
remove from the green chain. 

The equipment the re-work de- 
partment consists small edger, 
trim saw, and small horizontal resaw. 


Lumber bypassed this department 
remade the markings and 
returned the chain. 

When board pulled from the 
green chain the mechanical lumber 
puller, falls into storage bin. The 
person doing the re-manufacturing gets 
the lumber from the bin needs 
it. The edger and trim saw are con- 
veniently arranged that, 
wishes re-edge re-trim, has 
the equipment with. 


conveyor belt, which delivers 
the resaw operator. The saw 
arranged that the resawed lumber re- 
turns the re-work department. 


The re-manufacturing mismade 
lumber taken care one em- 
ployee, with the exception the re- 
saw labor. The resaw 
used also the manufacture 
squares, only small percentage 
his time used re-work. There 
much less labor involved localiz- 
ing the re-manufacturing one small 
area. 


records are kept how many 
boards are measured per shift what 
percentage the lumber manufac- 
tured miscut and needs re-manufac- 
turing. attempt made correct 
all errors dimension 
lumber leaves the mill. 


Maintenance and Repair 


Producing lumber good dimen- 
sion requires machinery that good 
mechanical condition. All machines, 
especially the saw carriages, band mills, 
resaws, edgers, and trimmers must 
kept first class condition. 


The maintenance schedule follows 
rather fixed pattern. The chief saw 
filer responsible for the upkeep 
all saw guides, band mills, 
saw wheels the resaws. checks 
the guides daily see that they are 
good working condition. must 


Fig. 2.—Trimmer and saw arrangement. 
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Fig. resaw from rear, showing arrangements 


transfer chains allow stock re-run thru resaw. 


that the band saw wheels are 
correct alignment and general keep 
pertaining the saws 
good operating order. 

The millwrights check the saw car- 
after every day’s run. The off- 
set device, which pulls the log being 
cut back from the saw blade the 
return stroke, must carefully checked 
see that functioning properly. 
careful inspection must made 
the set-works mechanism. 

The feed and setworks the re- 
saws and the edgers and trimmer are 
also checked. Any small adjustment 
needed taken care once. 
some major ar- 
rangements are made soon 

There general repair shutdown 
each year during June July, when 
all the major repair jobs are taken care 
of. Careful inspection machines 
gives advanced notice the things 
that must done. For instance, the 
tracks and wheels which carriage 
travels may need re-machined 
replaced due normal wear, pos- 
the setworks dogging devices 
need complete rebuilding. Advance 
knowledge work such this that 
must done allows the scheduling 
advance repair work with the dif- 
ferent machine manufacturers ma- 
chine shops. Much the repair work 
done the Laona plant. 


Square and Lath Manufacture 


Adjacent the rework department, 
various sizes and lengths square 
stock and lath are manufactured. All 
the material produce this material 
salvaged from the refuse chain. The 
resaw used re-manufacturing miscut 
lumber also used this department 


along with several gang edgers and 
trim saws. 

The products manufactured here are 
made entirely salvaged stock. Refuse 
has certain value fuel for the 
boiler plant, but when higher dollar 
value can realized from it, 
replaced other fuels. 


Summary 


Good dimensional quality control 
the production lumber from north 
central woods the result various 
factors. 

Good lumber, properly cut, cannot 
produced the best machines 
qualified personnel interested 
turning out good product are not 
employed run them. Men who are 
always alert what they are doing 
and skilled their particular job are 
producing good lumber. 

Likewise, the best personnel can- 
not produce good dimensional lumber 


Fig. view vertical resaw. 
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Fig. 4.—Right-hand saw carriage. 


rundown wornout equipment. 
The two most important factors for 
good end result lumber sawing 
are, therefore, good staff work- 
men, and good, well maintained 
sawmill which work. This, to- 
gether with good supervision and man- 
agement, will result lumber good 
dimension. 

There always has been difference 
opinion between mill men 
what type machinery best. Some 
prefer head saw arrangement that 
incorporates sliver tooth saw, while 
others prefer the saw carriage that uses 
offset mechanism. Another contro- 
versy the merits vertical versus 
horizontal resaw. Most machinery 
that has been made reliable manu- 
facturer will satisfactory work 
properly installed and maintained. 


Discussion 

Ivory (Ivory Pine How 
can management know that the human 
element eliminated without outside 
checks thickness, width and length? 

Mr. MacRae: have outside 
checks our plant. Our foreman 
stickler for accuracy, and and the 
rest the management take good care 
the measurements. 

Mr. Ivory: What the dry mini- 
mum thickness rough inch lumber 
hardwood 

Mr. MacRae: try cut inch 
stock 1-3/32 inch—green—so when 
dry will inch slightly thicker. 

Paul Heller (Pacific Pine Co. 
you keep record the amount 
lumber that goes through resaws 
because 

Mr. MacRae: keep rec- 
ord, but would say less than 
per cent. 
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Veneer 


Xyl-o-pap flexible veneers Mikroholz 
GmbH, Germany Aga Tradin Ltd 

interesting development Ger- 
many has been the production excep- 
tionally thin rotary-cut veneers which are 
supplied mounted kraft paper back- 
ing. present the veneers available 
this country are birch and makoré 
range stained colours. They are sup- 
plied rolls wide and 
usually 50yd long. The veneer mounted 
the paper using either animal glue 
synthetic adhesive. claimed that 
they can finished any the usual 
finishing techniques. The veneers have 
been extensively advertised this coun- 
try for amateur use, but understood 
that Germany they have also been used 
furniture manufacture. The fact that 
they can obtained long lengths may 
warrant further investigation their pos- 
sible utilization for surfaces where severe 
wear would unlikely. [F.D.C. Tech. 


Particle Board 


Collipress containers Collipress GmbH, 
Germany Arpal (Engineers) Ltd 

the Collipress process, boxes and 
containers are moulded one piece from 
chipboard. They are intended for use 
where stiff, solid containers, storage 
boxes, housings packings are required. 

Round square containers with ver- 
tical slanting sides can formed, and, 
grooves, profiles holes can made 
one operation. 

claimed that the cost less than 
that solid wood container and that 
the life longer. [F.D.C. Tech. Bul. 
No. 


Lignin 

Anon. Fibers from lignin. Chem. Eng. 
News. 35, no. 15: (April 15, 1957). 

Rayonier has synthesized from lignin 
linear polyester similar those now 
the market. The polymer may melt 
spun into fiber having strength 4.4 
g./denier, melting point 210° C., 
and softening point 145°. The 
mer formed from protocatechuic acid 
made from lignin-derived 
etherifying the protocatechuic hydroxy 
groups with epichlorohydrin 
merizing the product heating. The low 


Abstracts From Current World Literature 


softening point attributed the pre- 
sence two isomeric forms the mono- 
mer units. Partial removal one 
these results polymer melting 310° 
and softening 170°. Its instability above 
the melting point does not permit melt 
spinning, but wet spinning may prac- 
tical. Pap. Chem. 27, No. 
Finishing 

Wood finishes and wood 
Lain Journal the Oil and Colour 
September 1956, pp. 670-94, figs, bibl. 

After consideration wood stains and 
staining the paper divides into two sections 
dealing respectively with cellulose nitrate 
and synthetic finishes. the first section 
the effect the various components, namely 
cellulose nitrate, resins, 
vents and diluents the performance 
lacquer examined. Attention drawn 
the case plasticisers their wide range 
dilution ratios, while the importance 
the viscosity-concentration relationship 
resins stressed. Here also the effect the 
solvent property the resin for cellulose 
nitrate discussed. The chief aim the 
lacquer manufacturer would formulate 
finishes with high possible solids con- 
tent the gel no-flow point. Experi- 
mental evidence for theories advanced 
provided. The assessment performance 
the lacquer film for bloom resistance, rate 
hardening and durability also dis- 
cussed this section. The relative advan- 
tages and disadvantages synthetic, 
compared with cellulose nitrate finishes, 
are examined some detail. Typical for- 
mulations synthetics for butylated urea, 
epoxide resins, polyester and polyurethane 
finishes are given, together with practical 
Tech. Bul. No. 37] 


Finishing 

Furniture with pencil finish. 
and Plywood, usa, Vol. 50, No. March 
1956, 34. 

low cost wax finish used the pencil 
industry has now been used Ameri- 
can manufacturer plywood furniture. 

The work first treated with heavy 
bodied stain and when this has 
oughly, light coat hot paraffin 
sprayed on. The paraffin-treated furniture 
placed warm enclosed area for 


The preparation abstracts from world literature many languages highly 
specialized and costly that the Forest Products Research Society has abstracting service 
its own. For the abstracts this issue the JOURNAL the Society indebted 
the respective abstract journals indicated, from which they have been selected with the 
kind permission the editors. Readers wishing information addition that given 
these abstracts should consult the original articles referred to. Copies additional 
information can not supplied FPRS the abstract journal. The journals from 
which abstracts are published this issue are follows: 


BULLETIN THE INSTITUTE PAPER CHEMISTRY, published monthly 
Appleton, Wisconsin the Institute Paper Chemistry, subscription price $25 per 
year. This Bulletin publishes over 3,600 abstracts per year subjects interest manu- 
facturers pulp, paper, fiberboard and allied products. 

CHEMICAL ABSTRACTS, published semimonthly the American Chemical Society, 
Executive Office—1155 Sixteenth Street, NW, Washington C., subscription price 
$60 per year plus postage. This abstract journal publishes many thousands abstracts 


annually with 
allied subjects. 


broad coverage world literature the entire field chemistry and 


TECHNICAL BULLETIN THE FURNITURE DEVELOPMENT COUNCIL 
published bimonthly the Council Adelphi Terrace, London England. 
The Technical Bulletin publishes hundreds abstracts and reviews from world literature 
annually, relating the various phases the furniture manufacturing industry. Subscrip- 


tion price per year. 
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hours with temperature and humidity con- 
trolled. then wiped dry and, where ex- 
cessive penetration the paraffin has taken 
place, treated with wax paste after which 
wax paste treatment applied the en- 
tire surface. [F. Tech. Bul. 
No. 


Naval Stores 


Langdale, Harley, Jr. Naval stores. 
Forestry 54, no. 10: 643-5 (Oct., 1956) 

Gum naval stores accounted for $33 
million crop 1954, which 78% 
from Georgia, 16% from Florida, fro: 
Alabama, and from Mississippi 
South Carolina. Commercial production 
confined longleaf pine (Pinus palustri 
and slash pine (P. elliottii). The wood 
dustry presently accounts for 65%, 
for 20%, and sulfate pulping for 15% 
the United States supply naval 
The raw material for the wood naval stor: 
industry—pine stumps—is the declin 
hence gum naval stores become prima 
interest. Only 10% the slash and 
leaf pine gum-production size are 
rently being exploited. Production and 
studies indicate that 83% more 
come can derived from tree 
for naval stores before harvesting for 
timber for pulpwood, respectively. The 
gum turpentine and gum rosin, 
well for sulfate turpentine, tall 
and rosin looks bright, and research 
stores continues. [Bul. Pap. Chem. 27, 
No. 


wm 


Fiberboard 


Werner, The manufacture hard 
fiberboards from barking wastes. 
Papier no. 12: 278-81 (Dec., 1956). 
{In 

The Rosenthal pulp mill, which requires 
carefully debarked logs for the production 
dissolving pulp, has installed fiberboard 
plant for the utilization the barking 
wastes. These are chipped, blown into 
storage chest, and conveyed press before 
being sent through damping tube roll- 
camb defibrator East-German make which 
claimed eliminate the disadvantages 
the customary chip defibrator. This appara- 
tus has capacity tons finished 
board/24 hr. and reduces the fibers 
under atm. pressure. The 
stock then diluted with back water 
consistency cyclone, passed over 
one two vibratory screens and, 
consistency, through sand 
thickened and mixed mixing 
chest with synthetic resin solution 
product. From there pumped into 
headbox the wet machine. Arriving 
the wire uniform distribution 
consistency, the stock dewatered 
after the main couch roll. The board, 
size and paraffined, pressed 
heating press for min. 
atm. and recirculating water temperat 
70-80%, provided the caustic alkali 
the defibrator neutralize the 
acids does not exceed 3%. The spe: fic 
power requirement the plant about 
kw.-hr./ton, the water requirement 
cu. m./ton, and the steam 
rather high, 6.8 tons/ton finished 
{Bul. Pap. Chem. 27, No. 
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Around the World Forest Products 


Research and Development 


adonesia Develops Its 
Products Industries 


Progress the development for- 
industries Indonesia proceed- 
fast pace, according Dr. 
expert. Dr. von Monroy 
the Indonesian government pre- 
pare its development plan 1954/55 
while FAO assignment there. 

Two new pulp and paper plants are 
under construction which will bring 
production per cent do- 
nestic requirements. Production three 
years ago supplied five per cent total 
consumption. Four new plants are 
planned for construction the next 
five years meet 100 per cent re- 
quirement. 


Domestic use plywood mostly 
for the manufacture tea chests. One 
new plant under construction will raise 
production meet per cent do- 
mestic needs. The one existing plant 
supplies only per cent the de- 
mand. Expansion and production ex- 
pected increase the next five years 
meet the total needs the country. 


Also planned year reforesta- 
tion program that will plant 45,000 
hectares yearly. far, area 
50,000 hectares has been planted with 
fast-growing species near centers 
consumption. 

One fiberboard plant and one par- 
ticle board plant are now under con- 
struction. The government consider- 
ing program for fuelwood, since 
wood and agriculture residues are used 
for per cent all energy produced. 


Other Developments 
Around the World 


Sweden 


The Nyholms Maskinfabriken, 
Sweden, has developed 
new type chipper designed for for- 
estry culture and the converting 
brushwood, slabs, edgings, veneer 
waste, and sawmill residues pulp- 
wood, paper material for wallboards, 
chemical products, and fuel. 


The chipper comes two models, 
one with capacity 350 cubic feet 
per hour, and the second 600. The 
widths are inches and 
respectively, with infeed heights 
inches and inches. Power re- 
are for the smaller 
and for the larger. 


Both machines have minimum length 
waste than can chipped 
inches, and the number knives 
each machine two. 


Scanning World-Wide 
Forest Products Publications 
Australia 


Can the Strength Radiata Pine 
Forest Products Newsletter. No. 232. 

Investigations defect-free wood 
through 40-year-old trees South 
Australian grown pine were made. 
the early years when the tree small 
diameter, the strength the timber 
low compared with other well- 
known timbers. There is, however, 
marked increase strength with age 
and diameter. the time the tree 
reaches years age, the strength 
its wood the air-dry condition ex- 
ceeds the average strength Douglas- 
fir and mountain ash. Bending strengths 
individual specimens have been re- 
corded high 23,000 in. 
Test values for compression strength 
include many over 10,000 in., 
and several high 12,000 in. 
have been recorded. 

Average bending strength and aver- 
age density wood radiata pine 
the age period years were tab- 
ulated. Strength/density ratios showed 
that timber grown the last years 
40-year-old radiata pine was much 
superior any the other timbers 
which was compared (Douglas-fir, 
mountain ash, messmate stringy-bark, 
blackbutt, spotted gum, karri, grey 
ironbark), which indicates that, poten- 
tially least, radiata pine first-rate 
structural timber. 

Four reservations should made: 

The property values mentioned 
were determined defect-free speci- 
mens, free all knots and cross-grain, 
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and such lumber can acquired only 
limited extent this time. 

Radiata pine grown under differ- 
ing soil and climatic conditions may 
not yield timber with such high proper- 
ties. There evidence show that 
radiata pine grown site much 
higher quality than available South 
Australia increases very rapidly girth 
but does not show the marked increase 
strength with age. 

capitalize the higher 
strength values, the material from the 
strong outer shell the tree has 
effectively separated from the relatively 
weaker inner core. 

There also the suggestion 
tendency for the properties fall off 
over the last years the life 
40-year-old tree. The reason for this 
not known. could the natural 
tendency this species, but con- 
sidered more likely that suitable silvi- 
cultural treatment would correct this 
tendency. 

The overall picture would appear 
that, given careful control its 
conditions and its conver- 
sion when felled, the radiata pine tree 
high strength/density ratio for struc- 
tural purposes which difficult 
match Australia. 


Japan 

Effect Paraffin Emulsion the 
Hygroscopic, Swelling, and Mechani- 
cal Properties Chipboard. 
Maku, Sasaki and Hamada. 
Journal Japan Wood Research So- 

this study, three types paraf- 
fin emulsified cationic, anionic, and 
agents were 
used waterproofing agent for chip- 
board. The weight urea resin 
seven per cent wood particles was 
applied the particles long, 
wide and 0.15 thick, and 
0.78 specific gravity. was found that 
the swelling properties chip- 
board (water immersion) improved 
remarkably even low paraffin con- 
tent (ie, per cent particles), 
but the hygroscopic property not im- 
proved. the bending strength and 
modulus elasticity chipboard are 
not influenced the paraffin, and 
the emulsifying method 
had influence upon the swelling 
property chipboard this experi- 


ment. 
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Review FPRS Section Meeting Papers 


Changes the Wood-Using 
Industries New York State 
from 1912 1954 


Raymond Hoyle, State Univer- 
sity New York College For- 
estry, Syracuse, Northeast Sec- 
tion Meeting, Oct. 25-26, 1956, 
New York, 


During the 42-year period covered 
this study, there have been some 
surprising changes kinds and 
amounts species used manufac- 
turing some the wood products sup- 
plying every-day needs. 

industry”, used 
here, means establishment that takes 
lumber and produces physical prod- 
uct. This includes separate classes 
establishments, 


The number establishments has 
steadily decreased almost one-third 
the 1912 total, but the plants today 
are larger. The amount wood used 
also has decreased almost two- 
thirds, while the amount used per firm 
and the per cent grown New York 
State has decreased only one-fifth. 


Northern white pine was the far 
the most widely used native specie 
1912, 1919 and 1926. now ranks 
fourth, and only per cent comes 
from forests the state. Hard maple 
has shown substantial increases, 
have the several commercial birches. 
oak, eastern spruce, and beech have 
shown declines; cherry, soft maple, and 
ash have improved while basswood has 
held steady. 


The use southern species has 
shown heavy decline although south- 
ern yellow pine and gum still lead 
this group. The vacuum caused the 
demise native and southern species 
has been filled western species, par- 
ticularly Douglas-fir and ponderosa 
pine. West Coast hemlock, Engelmann 
spruce, redwood and sugar pine are 
among the leading species from 
that area now being used New York. 


Douglas-fir the leading wood spe- 
cie used the state with million 
board feet used annually, one million 
board feet more than hard maple. 
Ponderosa pine, northern white pine, 
southern yellow pine and birch are 
other major species with oak, poplar, 
basswood, ash, beech, gum, eastern 
spruce and cherry following that 
order, 

Twelve classes wood-using indus- 
tries made gains since 1946. General 
millwork suffered tremendous decline 
from 1912 1946, but since has im- 
proved about per cent and re- 
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mains the largest consumer wood. 
Prefabricated structures has made great 
advancement and second. Other ma- 
jor users that have increased consump- 
tion are fixtures, boat and shoe find- 
ings, pallets, sporting goods, and toys. 

Thirteen industries are 
wood now than 1946, with furni- 
ture, boxes, and crating among the 
leaders this group. 

Greater reliance being placed 
woods. Excelsior, 
crates, dowels and dairy, poultry and 
apiary supply industries are using all 
state-grown wood. Nine others have 
increased their consumption with only 
three industries using 
percentage. 


The number establishments and 
amount wood used declined mar- 
kedly from 1912 1926, and then 
leveled off. During the past eight 
years, the number establishments 
has declined but average consumption 
per plant has risen that total con- 
sumption has been almost static. 


This picture expected some- 
what the same for the near future, with 
greater dependence upon 
western species and some possible ex- 
treme variations few certain 
industries, 


The Furniture Industry’s 
Silent Partner 


Davison, Morgan Mfg. Co. 
Inc. Northeast Section Meeting, Oct. 
25-26, 1956, New York City. 


keen competition and low profits, 
below all other industries, (percent- 
agewise) the fate many furniture 
manufacturers rapidly being de- 
cided. Factors important all are 
size plant, costs, location, product, 
and price bracket. 


The medium-size companies, those 
producing from million 
million yearly sales volume, are 
precarious position. They are 
large enough require incentive 
systems, controls, and 
competent supervisory and manage- 
ment staff. Overhead becomes big 
cost factor and burdensome. 


Variable costs, including materials, 
direct transportation, and 
other items are the logical ones 
first reviewed and treated, inas- 
much the combined total mate- 
rial and direct labor costs may repre- 
sent much per cent sales 
cost. cutting costs, partially 
fully machined dimension stock be- 
comes natural consideration. 


There are savings and advantages 
purchasing dimension stock. Be- 
cause producers are 
sources, freight costs for 
stock are reduced. Manufactured 
the customers’ specification, the stock 
Lumber inventory problems are 
lieved, overhead reduced, and 
tra working capital made 
duced investments both lumb: 
and equipment. 


Cost the main consideration 
evaluating advantages using ful 
machined parts. shipment 
parts represents given quantity 
furniture items, unit cost prev 
ously established, and guaranteed 
100 per cent usable. Waste elim 
nated. These parts represent the 
manufacturing costs the total 
The remaining assembly, finishing, 
delivery represent more easily co:- 
trolled portion the unit cost. 


Dimension plants that specialize 
fully machined component parts 
necessity must have the most advanced 
and diversified woodworking equip- 
ment, often valued excess one 
million dollars. This makes available 
the furniture manufacturer diversi- 
fied woodworking equipment and fa- 
cilities. Most dimension manufacturers 
also have well-staffed product engi- 
neering and quality control depart- 
ments. The product engineering de- 
partment develops specifications and 
often prepares samples that 
viewed with the customer. Based 
this data, costs are developed. Quality 
control important, because trans- 
which fully explained 
visory personnel. 


For the furniture manufacturer, 
bor problems are reduced, overhead 
and administrative expenses 
sened, and space made available 
additional assembly lines. 


Correlated groupings are 
increasingly popular, and 
turer either bedroom, dining 
living room furniture definite 
limited. The normal furniture 
often restricted these respects, ard 


will find the resources and facilities 

finished dimension manufactur 
highly beneficial. well-balanced 
efficient and flexible operation. 
niture company sound partnersh 
strong position relation 
market. 
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NEW PUBLICATIONS 
(Continued from page 15-A) 


Cost Operations for Three 
Types Charcoal Kilns. 
Witherow and Smith. Kilns 
studied were the sheet 
metal units, sheet metal 
anit, and double-wall masonry block 
structure 2-cord capacity type. 
Station Paper No. 79. Southeastern 
Forest Experiment Station, Ashe- 
ville, 

Forest Products Today’s World. 
Addresses presented the dedica- 
tion the Hugh Baker Labora- 
tory. Available from the State Uni- 
versity College Forestry, Syra- 
cuse, 

Plain-Shank vs. Fluted vs. 
Threaded Nails. Stern. Com- 
pares three types nails deter- 
mine effectiveness number 
wood species, immediately 
driving well after exposures 
the nailed test planks, which simu- 
late accelerated service conditions. 
Virginia Polytechnic Institute Wood 
Research Institute, Blacksburg, Va. 


The following are available from 
the Dept. Northern Affairs and 
National Resources, Forest Products 
Laboratories Canada, Ottawa, 
Ontario, Canada. 

High-Temperature Kiln-Drying 
Eastern Canadian Softwoods. 
Ladell. Technical Note 
No. 

Worm-Holes Jack Pine. 
Kennedy. Reprint from Timber 
Canada. 

Cutting White Spruce Veneers 
for Plywood. Feihl. Reprint 
the Canadian Woodworker. 

Program Work 1957-1958 
the Forest Products Laboratories 
Canada Ottawa and Vancouver. 
Jenkins, Schwartz and 
Fensom. 

Pulpwooding Less Man- 
power. Sam Guttenberg and 
Perry. Evaluates the labor require- 
ments several systems pulp- 
wooding various timber types. 
Occasional Paper 154. Southern For- 
est Experiment Station, New Or- 
leans, La. 

Forests East Oklahoma, 
56. Forest Survey Release 79. South- 
ern Forest Experiment Station, New 
Orleans, La. 


The following publications are 
available without charge from the 
Forest Products Laboratory, 
Madison, Wis. 

Salvaging Lumber the Flooded 
Areas. Rietz. Describes methods 
cleaning and redrying flooded lum- 
Report No. 1904. 


The Longitudinal Shrinkage 
Cativo. Fleischer. Tropical 
Woods, Number 105. 

Strength Evaluations Corru- 
gated Containers the Drop Test 


Landt. Reprint from Tappi, Vol. 39, 
No. 

Air Drying and Sticker Staining 
4/4 Sugar Maple Flooring Stock 
Upper Michigan. Peck. De- 
scribes the time required dry the 
lumber moisture content per 
cent and establish the effect fac- 
tors such sheds, pile roofs, and 
type sticker drying losses. Re- 
port No. 2086. 


a 


$2,000,000.00 Modern Hardwood 


exceeding $3,000,000.00 


reservation. 


193 Meadows 
Building 
Dallas, Texas 
EMerson 3-3388 


FOREST PRODUCTS JOURNAL 


Finishing Plant 17,000 acres Timber 
SALE BEGINS DECEMBER 10, 1957 
and continues until sold 
BIDDER REGISTRATION BEGINS DECEMBER 1957 
Timber Land (Hardwood and Pine), Hardwood Finishing Plant, 
Dimension Plant Machinery, Re-Saw Machinery, Dry Kilns, 
Materials Handling Equipment, Trucks, Trailers, Saw Mill 
Machinery, Box Making Equipment, Boiler Plant, Land, Buildings 
and other Equipment and Machinery having total valuation 


Auction will type with all properties being sold from cata- 

All prospective bidders must make inspection properties offered, prior 

sale date. Inspection will begin November and continue until time 

Sale. Complete catalogs will available the site during inspection period. 
The Stewart Lumber Co., Inc., Texarkana, Texas, quitting 
the Hardwood Finishing Business. They have commissioned 
sell public auction the complete, fire-proof, modern Finishing 
Plant, approximately 17,000 acres timber land Red River 
County, Texas, and large amount equipment and machinery. 
Everything will sold the highest bidder without minimum 


For Brochure with detailed listing and terms sale, contact 


Wayne 


“The Leading Auctioneers” 


Second Growth Good. 
Paul. Advances the thesis that second 
growth can, and often does, yield 
first-rate wood—sometimes better than 
the virgin timber originally harvested 
from the same forest. Report No. 
2083. 

Preservative Treatment Jack 
Pine and Longleaf Pine Posts the 
Hot-and-Cold Bath and its Boiling- 
in-Water Adaptation. Edward Panek. 
Describes the results the method 
listed the title. Report No. 2085. 

Veneer Cutting and Drying Prop- 
erties Aspen and Hybrid Poplar. 
Report No. 


Stewart Lumber Co., Inc. 
Texarkana, Texas 


932 Board 
Trade 


Kansas City, 
Missouri 


Victor 2-5339 
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(Continued 

Crabwood. Eloise Gerry and Jean- 
nette Kryn. study Crabwood. 
Report No. 1991. 

Tension Wood Overcup Oak. 
relation gelatinous fibers 
centage fibrous area longitudinal 
shrinkage overcup oak. Report No. 
2089. 

Mechanical Properties Ponder- 
osa Pine from the Black Hills. 
Drow, Dohr and Bellosillo. 
Describes the results standard tests 
strength and related properties for 
ponderosa pine grown the Black 
Hills South Dakota. Report No. 
2090. 

Saw-Log Barkers. Fobes. 
Describes trends the use these 
machines and shows how they reduce 
the amount wood lost bark 
removal, well how they speed 
the work. Report No. 2091. 

Ten Years Experimental Farm 
Woodland Management the South- 
discussion actual returns pos- 
sible from planned farm woodland 


management based four separate 
areas set aside 1945 the Bent 
Creek Experimental Forest near 
Asheville, Station Paper No. 
83. Southeastern Forest Experiment 
Station, Asheville, 


WILCO REFUSE BURNER 


EXCLUSIVE 


DRAFT 


THREE MODELS 


Complete Size Range. 

Greatest Capacity. 

Lowest-Cost Installation. 
Prefabricated, One-Piece Panels. 
Sizing Engineers Available. 


Phone Wire Write 


MUNICIPAL AIRPORT + MEMPHIS. TENN. 
P.O. BOX 3722 + WHITEHALL 8-4555 


ALABAMA 
International Paper Co., Mobile 


ARKANSAS 
The Crossett Co., Crossett 
Dierks Forests, Inc., Hot Springs 
Southern Lumber Co., Warren 
CALIFORNIA 
California Redwood Association, San Francisco 
Carr Co., Sacramento 
High Sierra Pine Mills, Inc., Oroville 
Ivory Pine Co., Dinuba 
Scott Lumber Co., Inc., Burney 
Tarter, Webster Johnson, Stockton 
Wood Lumber Co., San Francisco 


IDAHO 

Boise Payette Lumber Co., Boise 

Ohio Match Co., Coeur d’Alene 
ILLINOIS 

The Dean Company, Chicago 

General Electric, Cabinet Plant, Rockford 

Greenlee Tool Co., Rockford 

Edward Hines Lumber Co., Chicago 

Johnson Carlson, Chicago 

Masonite Corp., Chicago 

Mattison Machine Works, Rockford 

Co., Chicago 
INDIANA 

The Dunbar Furniture Mfg. Co., Berne 

National Homes Corp., Lafayette 
KENTUCKY 

Deluxe Saw Tool Company, Louisville 
MAINE 

Moose Head Mfg. Co., Monson 
MARYLAND 

Wells, Salisbury 
MASSACHUSETTS 

Atlas Plywood Corp., Boston 

Draper Corp., Hopedale 

Heywood-Wakefield Co., Gardner 

Spalding Bros., Inc., Chicopee 
MICHIGAN 

Armstrong Machine Works, Three Rivers 

Baker Furniture, Inc., Grand Rapids 

The Dow Chemical Co., Midland 

Everett Piano Co., South Haven 
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Index Advertisers 


Page 
Black Brothers Co. 5-A 
Buss Machine Works Cover 
Wayne Cook Associates 39-A 
Mater Engineering 40-A 


Monsanto Chemical Co. __4th Cover 
National Starch Products Co. 3-A 
Onsrud Machine Works Cover 


Standard Dry Kiln Co. 4-A 
Washington Iron Works 
Wilco Machine Works 40-A 


Machine Co. 6-A 


PROFESSIONAL CARD 


MATER ENGINEERING 


Sawmill—design, modernization, auto- 


mation 
Product Development—surveys, reports 


Box 410 


Corvallis, Oregon Plaza 


100 Company Supporting Members 


MINNESOTA 
Machine Co., Minneapolis 
Minnesota Mining and Mfg. Co., St. Paul 
Rilco Laminated Products, Inc., St. Paul 
Wabash Screen Door Co., Minneapolis 


MISSISSIPPI 

Richton Tie and Timber Co., Richton 
MISSOURI 

Monsanto Chemical Co., St. Louis 


MONTANA 
Intermountain Lumber Co., Missoula 


NEVADA 
Vaughn Millwork Co., Reno 
NEW JERSEY 
National Adhesives, Plainfield 
Western Electric Co., Kearny 


NEW YORK 
American Defibrator, Inc., New York 
Borden Co., New York 
Peter Cooper Corps., Gowanda 
The New Jersey Industries, New York 
Oval Wood Dish Corp., Tupper Lake 
Pierce Stevens Chemical Corp., Buffalo 
Reichhold Chemicals, Inc., White Plains 


United States Plywood Corp., Brewster 
The Upson Co., Lockport 
OHIO 
American Machine Foundry Co., Shelby 
The Baldwin Piano Co., Cincinnati 
Coe Manufacturing Company, Painesville 
The Kirk Blum Mfg. Co., Cincinnati 
OREGON 
Bend 
Cascades Plywood Corporation, Lebanon 
Forest Fiber Products Co., Forest Grove 
Mater Engineering, Corvallis 
Neils Lumber Co., Portland 
Oregon Lumber Co., Baker 
West Coast Lumberman’s Assn., Portland 
PENNSYLVANIA 
Kennametal, Inc., Latrobe 
Koppers Company, Inc., 
Perkins Glue Co., Lansdale 
United States Steel Homes, Inc., Harrisburg 
Wood Metals Industries, Inc., Kreamer 


SOUTH CAROLINA 
Lightsey Brothers, Miley 
Poinsett Lumber Mfg. Co., Pickens 


TENNESSEE 
Bruce Co., Memphis 
Chapman Chemical Company, Memphis 
Memphis Hardwood Flooring Co., Memphis 
Nickey Bros., Inc., Memphis 

TEXAS 
Wm. Cameron Co., Inc., Waco 
Kirby Lumber Corporation, Houston 
Love Wood Products Texas, Diboll 
Southern Pine Lumber Co., Diboll 


VERMONT 
Beecher Falls Mfg. Corp., Beecher Falls 
American Marietta Co., Seattle 
Biles Coleman Lumber Co., Omak 
Cascade Lumber Co., Yakima 
Columbia Plywood Co., Inc., Seattle 
Diamond Match Co., Spokane 
Douglas Fir Plywood Association, Tacoma 
International Paper Co., Division, 
Longview 
Simpson Logging Co., Shelton 
Sumner Iron Works, Everett 
Weyerhaeuser Timber Co., Tacoma 
WISCONSIN 
Harnischfeger Corp., Port Washington 
Marathon Corp., Rothschild 
Mosinee Paper Mills Co., Mosinee 
Murray Mfg. Co., Wausau 
Paine Lumber Co., Oshkosh 
ALASKA 
Ketchikan Spruce Mills, Ketchikan 
CANADA 
Forest Products, Ltd., Vancouver 
British Columbia Lbr. Mfrs. Assn., Vancouve 
Canadian Forest Products Limited, New West- 
minster, 
Dominion Electrohome Industries, 
Kitchener, Ont. 
Knight Mfg. Lbr. Co., Ltd., Meaford, 
MacMillan Bloedel Ltd., Nanaimo, 
Nicholson Son, Ltd., Burlington, Ont 
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ACTUAL PRODUCTION GRAPH 
500 


q 

300 


AUTOMATI 


SHAPER 


MINUTE 


aper 


how you may paying for automatic 


why not have one? 


YOU HAVE with three operators, the money 
EVERYTHING you can save becomes tremendous. 
GAIN Let make production study 
AND NOTHING your plant. We’ll recommend 
LOSE Onsrud Automatic Shaper fit 
your needs and GUARANTEE 


Here’s proof how Onsrud Automatic 
Shaper production pays for 
and how slow, hand shaper production 
costs you more than the price 
Onsrud Automatic. Note too how short 
run may be, practical for 
Automatic. When you consider the 
fact that Onsrud Automatic 
Shaper with only ONE operator, 
will out-produce three hand shapers 


production. you then accept this 
machine and does not perform 
guaranteed take back without 
cost you. cordially invite your 
inquiry for complete information. 


ONSRUD MACHINE WORKS, 


Woodworking Machinery Division 3954 Palmer Street Chicago 47, 


ENGINEERS AND MANUFACTURERS AUTOMATIC SHAPERS, ROUTERS, 
SHAPERS, PORTABLE TOOLS AND RELATED EQUIPMENT FOR WOODWORKING 


300 60 


BS) 
Ons 
turnj 
Automa 


LAUXITE* MF300, Monsanto melamine resin adhe- 
sive, will produce completely waterproof bonds ply- 
wood and edge-glued lumber. The bonds meet military 
well rigid civilian requirements for waterproof 
plywood manufactured elevated temperature methods. 

With durability comparable phenolic resins, 
Lauxite MF300 has faster cure rate, lower platen tem- 


Other Monsanto Adhesives include: 

LAUXITE 326 adhesive for hot press gluing when greater boil resistance desired. 
LAUXITE MF325 specially formulated powdered melamine resin binder for granulated wood. 
RESINOX phenolic resins, liquids and compounds, for granulated wood molding and hardboard. 
LAUXEIN versatile protein adhesives with specific formulations meet varied bond requirements. 
LAUXITE resin glues, both liquid and powder, for high water resistant bonds. 


peratures, higher permissable veneer moisture contents, 
longer maximum assembly times, light colored glue 
lines, excellent storage stability, and easier clean-up. 
Investigate Lauxite MF300 for your critical bonding 
needs. Write for samples, complete technical data, 


Monsanto Chemical Company, Plastics Division, Room 
1648, Springfield Mass. 


@LAUXITE, RESINOX, LAUXEIN: REG. U.S. PAT. OF 


; 


